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PREFACE. 



The following pages have been written to supply a 
want which, it is believed, has been much felt. They 
are an attempt to explain in simple terms the ordinary 
every-day working of some of the forms of electrical 
apparatus that are in use bj^ outsiders, and not under 
the constant supervision of trained electrical engineers; 
and also, it is hoped that they will be of service to 
young electrical engineers who are just commencing 
to make their practical experience. 

It has been .felt that a connecting link is wanting 
between the Electricity of the schools, and the electri- 
cal engineering of practical life. 

In too many instances, practical men have been 
tempted to throw aside the study of the principles of 
the science altogether, because the book they con- 
sulted or the lecture they attended has failed to assist 
them in the elucidation of those practical problems 
which it was the business of their life to solve, and 
even in some cases would appear to have indicated 
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' a course of action or a method of treatment quite at 

variance -with that which eventually proved successful. 

As it has been the Author's lot to work, in the 

I practical sense, upon all the apparatus he deals with ; 

I and as he has always foand a careful study of the 

' principles of the science of very great service to him, 

; and further, as he has never found those principles 

r misleading in any case, provided that all the conditions 

I were accurately known, he ventures to hope that what 

' he places before the reader, in the following pages, 

may be of some service to him. 

The substance of the chapters which follow is, in 
fact, merely a reproduction of the Author's every-day 
intercourse with the pupils of his firm, and with those 
who have employed him in business. 

From what has been said it will easily be under- 
stood, that this book makes no claim to supersede, nor 
to compete with, the able works of Ayrton, Thom- 
son, Kapp, and others. If it has any relation to them 
at all, it is supplementary ; but in fact, it is intended 
to hold a distinct place apart from those works, and to 
eater, so far as may be possible, for those to whom the 
meat given there would be too strong. 



"When the above was written, the Author hoped to 
have covered the whole ground occupied by electrical 
apparatus. Time, however, has obliged him to deal 
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only with what are known as auxiliaries to the prac- 
tical business of life, those in which only very small 
currents are used. Should the present work, however, 
find favour with those for whom it has been written, 
he hopes to deal with electric lighting, transmission of 
power, electrical measurements, and kindred subjects 
in another book. He has now only to tender his best 
thanks to those firms who have kindly lent illus- 
trations for use in the book, viz. — to Messrs. Gent 
and Co., Leicester, Paterson and Cooper, Johnson and 
Phillips, Cox Walker and Co., New Telephone Co., 
Tasker Sons and Co., L. J. Crossley; and also to Messrs. 
A. S. Barnard and 0-. H. Lovegrove, who made the 
original drawings, and to Major Barnard, who has 
kindly assisted in correcting the proofs. 

SYDNEY F. WALKER. 
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CHAPTEE I. 

INTRODUCTION. 

It may be as weU to define the terms that will be used 
in the course of this book, and to give explanations 
that wiU enable readers to follow the instructions 
without referring to another. At the same time, only 
what may be termed popular definitions will be given, 
khe reader being referred to existing text-books, should 
he desire to follow the matter up further, 

Glossaby of Terms. 

What is Electricity ? We do not know, and for prac- 
tical purposes it is not necessary that we should know. 
We are only concerned in what its properties are — 
how we can make it obedient to our will. Certain 
points, however, may be noted. For instance, it is 
iiecessary to remember that we do not find electricity 
ready made for us, as we do coal. In order to generate 
electricity, as it is termed, work must be done by 
some body, or energy expended on that body ; and this 
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is true even of natural sources of electricity, sucli i 
those which give rise to the phenomena of thunder- 
storms ; the only difference being that, in these cases, 
nature does the work, just as she has dona the work 
of storing coal or placing the glacier. 

So far as oirc knowledge goes at present, electrical 
energy, in the form of electric charge or electric cor- 
rent, is analogous to beat energy, light energy, chemi- 
cal energy, etc. ; and when electrical energy is gene- 
rated, it has been produced by a transference, directly 
or indirectly, from one of the other forms of energy. 
Also, when electrical energy is apparently lost or dissi- 
pated, it is merely transfeiTed into some other form of 
energy, in the same way that it was or could have 
been generated. The whole art of electrical engineer- 
ing consists in the study of bow best to transfer energy 
from its existing form to that of electrical energy, with 
as little escape to other forms as possible ; and how to 
utilize the re-transferenco of electrical energy into some 
other form, as best to further the work in hand. 

Electro-motive Force is analogous to pressure in steam 
or water; in fact, the term "electrical pressure" is 
coming into daily use. It is the property of doing 
electrical work, or of expending electrical energy, that 
may exist between any two points, such as the termi- 
nals of a dynamo, or of a galvanic battery ; between 
a highly charged cloud and the earth, or another cloud. 
Whenever energy is expended upon a body in such 
a manner that electi'icity is generated, electrical en- 
gineers express the fact by saying that a certain 
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electro-motive force is created ; that is, a certain power 
of doing electrical work. Electro-motive force is some- 
times expressed as Difference of Electrical Potential, in 
a manner analogous to difference of temperature ; and 
tliis expression merely signifies, as before, that a 
measurable electrical force exists between two points. 
It is also sometimes referred to as Tension, or Differ- 
ence of Tension, meaning the same thing. 

The Volt is the unit of electro-motive force, electric 
tension, and electric potential. It is used by electrical 
engineers in the same way that the lb. is used by 
mechanical engineers. Electrical engineers talk of so 
many Volts between the terminals of a dynamo, or 
between electric lighting mains, just as mechanical 
engineers talk of so many pounds pressure in the 
steam boiler or the cylinder of the steam engine ; and 
the two expressions are used in exactly the same 
manner. A mechanical engineer having to do certain 
work, will first ascertain the pressure of steam he can 
obtain before calculating the size of the engine he will 
require. So, an electrical engineer, having a certain 
amount of light to furnish, or certain mechanical work 
to do, will first ascertain what pressure or voltage he 
can depend on, before he calculates the sizes of his 
carbons or his motor. 

The two expressions agree also in the fact that both 
become less, as they recede from the source, in pro- 
portion to the work they do. Every one is familiar 
with the fact that the steam issuing from the exhaust 
of a steam engine is at a lower pressure than at the 
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entry port, and mainly because it hss done work i 
passing through the engine. 

So, where a certain voltage exists at a certain poinu 
say between two electric hght mains ; when work i 
done, the voltage is always lower beyond the work, 
whether that be a lamp, a motor, or any other con- 
anmer of electric cuirent. Electro-motive Force is 
usually written E.M.F. 

The Volt is a perfectly measurable quantity, both in 
its effects and in its inception. It is taken from the 
attraction or repulsion between two electrically charged 
bodies, and consists of a definite multiple of the force 
exerted hy one charged body of a certain size — the 
gramme — upon another of the same size at a certain 
distance — the centimetre. For practical purposes it 
will be sufEcieut for the reader to know that the Volt 
is very nearly equal to the electro-motive force fur- 
nished by the Daniell cell, and that the Le Clanch^ 
battery, the Sulphur-Sal-Ammoniac battery, and the 
Bichromate battery each give about IJ Volt per cell, 
between their terminals, when not furnishing any car- 
rent ; that is, when no current is passing through them. 

Electrical Resistance, Electrical Conductivity or Con- 
ducting Power, 

All known substances allow of the passage of elec- 
tricity through them ; but some with much greater 
ease than others. The metals, for instance, are said 
to be Conductors, as they offer comparatively small 
Resistance to the passage of electrical currents, in 
comparison with such substances as sOk, cotton, glass. 
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earthenware, whicli have been termed Insulators, from 
the supposition, in the early days of the science, that 
they did not conduct at all. In reality there is an 
irregular gradation from the bodies called insulators, 
at one end of the scale, to those called conductors at 
the other. Some substances, — such as carbon, sulphur, 
the acids, water, — hold intermediate positions between 
the so-called insulators and the so-called conductors. 
Under certain conditions they may be classed as imper- 
fect conductors, and under other conditions as imperfect 
insulators. A few of them, — as carbon and others, — 
have been termed semi-conductors. 

The conducting power of, or the resistance offered by, 
any group of bodies diflfers very considerably among 
themselves. As, for instance, of the metals, silver and 
copper conduct best : — 

• 

Representing the resistance of silver and copper by 1 

That of Iron would be represei^ted „ 6 

„ Lead „ „ „ 12 

„ German Silver „ „ 12 

etc., etc. 

Using the same standard, carbon * would be repre- 
sented by from 1,600 to 40,000, dilute sulphuric acid 
100,000, water 1,000,000 ; dry air by infinity. 

The conducting power of all bodies is naturally 
affected by their form and size ; thus, it can easily be 
understood that it will require a greater expenditure 
of energy to drive a given quantity of electricity 
through two miles of wire of a given size than through 
one mile. Further, the conducting power increases 
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with the size, or cross section. Thus a No. 8 standard- j 
wire gauge wire of a given length offers leas resistance, 
or requires a smaller force to drive a certain quantity of I 
electricity through it, than a No. 11 wire of the same 
length ; and a copper cable half an inch in diameter 
will have four times the resistance of a cable composed 
of similar metal and of the Game length, one inch in 
diameter. 

Thus it comes ahout that bad conductors may offer I 
a low resistance, or demand the expenditure of a small 
electro-motive force to drive a certain current through i 
them, if their sectional area be large and their length J 
small in proportion ; while a good conductor may offer | 
a very high resistance, demanding the expenditure o 
a high E.M.F, if its sectional area be very small anq 
its length be very great ; and it often happens thad 
the broad, deep bed of a river, or the moist crust o* 
the earth will offer a better conducting path for a ■] 
given current than a wire stretched by its side in air,, 
notwithstanding the fact that the specific resistancf 
of water is so high compared with that of the metals. 

The Specific Resistance of any given substance, then, 
is the proportion that the measured resistance of al 
given portion — say a cube of a certain size — of the sub-J 
stance, bears to that of a similar cube of the standard,J 
silver. The actual or absolute resistance of a bodyfl 
or its working resistance, as it would perhaps be more I 
appropriate to term it, is its resistance measured in 1 
actual work by the E.M.F. expended in driving the I 
unit current throiigh it. 
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It will be seen that specific resistance bears a close 
analogy to specific heat and to specific gravity. The 
facts above mentioned, as to the conducting power of 
large masses of imperfect conductors, are very impor- 
tant indeed in electrical engineering. Often one's 
whole calculations may be upset by the presence of a 
large body of moisture ; and often, too, what would 
otherwise be very puzzling phenomena are due to this 
same cause — the presence in the path of an electric 
current of a large mass of an imperfect conductor. 

The conducting power of all substances is very 
seriously affected by combining with other substances. 
Thus, the specific resistance of an alloy of two metals 
is higher than that of either of its components. The 
specific resistance of compound salts, such as sulphate 
of copper, is considerably higher than that of either 
copper or sulphuric acid. This fact is also of very 
great importance in electrical engineering, impure 
metals having a much higher resistance than pure. 
The presence of a very small percentage of foreign 
matter in copper or iron, will increase the specific 
resistance of the metal as much as BO per cent, and 
more. The resistance of cast iron is very much greater 
than that of wrought iron. The resistance of a soldered 
joint, say two copper wires bound or twisted together 
and soldered, is always much greater than that of the 
same length of one of the wires. Hence joints are to 
be avoided as much as possible where large currents 
are used, as in electric lighting. 

The fact pointed out above, also, that the resistance 
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of compound salts is higher than that of either of their 
components, is of great importance in connection with 
the working of galvanic batteries, as the substances 
used in them are constantly changing, compounds be- 
ing decomposed and new compounds formed. 

It will be gathered also, from what has been said, 
that if we know the specific resistance and the dimen- 
sions of any body, we can calculate what its actual 
working resistance ought to be; but it must always 
be borne in mind, that in our calculations there are 
many things, such as joints, that we can only approx- 
imate, and we shall therefore do wisely not to work too 
closely by our calculations. Always allow something 
for coming up, as sailors do when hauling a rope taut. 
It is usual to measure the reliance of any body, and 
not its conducting power, as ■ this lends itself more 
readily to the calculations that are used in electric&l 
engineering, and to the measuremenls required for 
dealing with conductors so as to produce certain re- 
sults ; the method of measuring actual resistances 
being the E.M.F, expended when a known current 
passes through the body whose resistance it is required 
to know. This will be dealt with more fully later on. 

The Ohm is the unit of resistance. It is equivalent 
to the resistance offered by the following. 



it 1 mile o£ No. 4 Copper Wire. 
i .. ,.8 „ „ 



It should be mentioned that the resistance of nearl; 
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all substances vmes with their temperature. With 
metals an increase of temperature gives rise to an in- 
crease of resistance. "With carbon it is the reverse, an 
increase of temperature giving rise to a decrease of 
resistance. The resistance of the incandescent carbon 
in the arc lamp is lower than that of the carbon from 
which it came, and enormously less than that of the 
surrounding atmosphere. In the incandescent, or glow- 
lamp, as it is termed, the resistance of the glowing car- 
bon filament is one-half and even less than when cold ; 
80 that the passage of the current through the filament 
causes it to allow of more current passing with a given 
E.M.F. On the other hand^ the passage of the current 
through a wire of a certain length, by raising its tem- 
perature, causes it to allow less current to pass with 
the same E.M.F. 

Electric Current is the expression used to denote the 
fact that electricity is passing through any body or 
series of bodies ; and it is equally correct whether the 
bodies referred to are good or bad conductors, — whether 
they are metals, water, or even air. 

An electric current passes between two points when- 
ever the electro-motive force existing between those 
points is sujficient to overcome the resistance opposed 
to it ; and the strength of the current passing is directly 
proportional to the electro-motive force available, and 
inversely proportional to the resistance ; or, expressed in 
algebraical form, if C stands for current, E for E.M.F. , 

E 
and R for resistance, then C = ^. When E is expressed 



10 



ELEOTBIOITY. 



in Volts, and R in Ohms, C gives the current strengtl 
in Amperes, the Ampere being the unit of currenfe 
The current strength, or the number of Amperes pass^ 
ing, is simply ths expression conveying the rate ( 
transference of electrical energy that may be going 
on. It may be referred back, if desired, to another 
term, the Coulomb, the unit of quantity, A current 
of so many Amperes means that so many Coulombs 
per second are passing at the point where the observa- 
tion is made ; and may be compared, for the purpose 
of fixing the ideas, to the rate of flow of a river or 
stream ; it being remembered, of course, that in one 
case we have the flow of a material fluid and in the 
other that of an intangible force.' 

The term Coulomb is not often used in electrical e 

' Tbe direction of an electric current ia always from n highoi 
to a lower electrical potential. Thus, when an E.M.P., or 
encB of potential, exists between two points, one will be at i 
higher potential than the other, or, ae it ia sometimes expressed^V 
one is + to the other ; and that one is at the higher potential ^om 
which the current passes. Thns, of two terminals of a battery 
one is called +, the other — ,Bnd similarly with dynamos. In the 
early days of electricity it was customary to refer to the earth 
as zero ; but since different points in the earth itself are necea- 
aarily at difierent potentials when a current is passing throagfa 
it, this can hardly be maintained ; and, as a matter of fact, we 
have uo standard of electrical potential, nor are we able to aay 
definitely that the electric current actually flows in a given 
direction; hut what we do know is, that certain phenomena 
always follow the connection of two points between which au 
E.M.P. exists, and that they ore always consistent with the 
assumption that the current passes from the point which we call 
positive to that which we call negative. 
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gineering. It is only of service wlien speaking of 
stored electrical energy, as in secondary batteries in 
electrically charged bodies, such, as clouds ; or in the 
conductors of long cables or telegraph, lines. 

Ohm^sLaw, — The algebraical expression above quoted 
is that known as Ohm's law ; and, as far as we know 
at present, it is applicable to all electro-dynamic 
action — that is, to all electricity in motion ; whether 
the current and E.M.F. used be that of telephone 
apparatus, that of large numbers of electric lamps, or 
that of a lightning discharge ; and whether the path 
open to the current be simple or complex ; whether it 
consist of a single conductor of one type, such as a 
telegraph wire, or of a number of different types of 
conductors; and whether there be one path open to 
the current or many. 

It is this law, with one other which will be quoted, 
which forms the basis upon which the structure of all 
electrical engineering is built. It is of the greatest 
service when properly used ; but it is absolutely 
necessary to remember its universal application. 
Wherever an E.M.F. exists, it will deliver a current 
through the body or bodies across which the path 
may lie, exactly in accordance with the law. Thus, if 
we have two main cables insulated from each other, 
connected, say, by incandescent lamps, the current wiU 
not only pass through the conducting path offered by 
the lamps, but through the insulating material ; or, in 
the case of a naked wire supported by insulators, 
through the film of moisture that condenses on the 
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insulator ; and this sliows at once the importance of 1 
making the insulation resistance in proportion to the j 
E.M.P. present. Thxis, with a low E.M.F. a com- 
paratively low insulation resistance may answer very J 
well, but would fail utterly in the presence of a high J 
E-M.!". This again will be further developed laterS 
on. 1 

It will be seen at once that Ohm's law, being an 
algebraical expression, may be dealt with as any other 
equation. 

Or, the electro-motive force existing oetween any two 
points is equal to the product of the current passing 
multiplied by the resistance. 



Or, the resistance of any conductor, or system of con- 
ductors, is proportional to the E.M.F. between 
extremities, divided by the current passing. This 10 
exceedingly useful in planning cables for electric light* 
ing or transmission of power. 

Electro-static Charge is another phenomenon that 
perhaps had better be briefly referred to, though ife 
will not often come within the practical work of those 
for whom this book is written. 

Its meaning is simply as follows. It has already 
been explained that electricity passes through bodies 
which conduct. The same bodies have a certain 
capacity, as it is termed, for storing it, just as bodies 



0L0S8ABY OF TERMS. U 

liave a capacity for storing heat. We know that if 
we wish to transmit heat through any body, — say a 
metal, — we have first to warm the metal, and that a 
certain quantity of heat will always be absorbed if a 
warm fluid is poured into a cold vessel ; and we know, 
further, that diflferent bodies absorb different quanti- 
ties of heat, under different conditions. So with elec- 
tricity, whenever we transmit a current of electricity 
through a conductor, it is necessary that the electro- 
static system, consisting of the conductor, its insulator, 
and any conductors outside the insulator, should re- 
ceive a certain definite charge, or absorb a definite 
quantity of electricity, before the working current 
arrives at the other end. This is expressed technically 
by saying that the condenser^ of which the conductor 
forms one coating, must be charged to the full potential 
of the current before the latter can pass on. It will 
probably be very rarely that the reader of these pages 
will require to make use of the information contained 
in this note ; but it has a very important bearing on 
many forms of practical apparatus, such as long tele- 
graph or telephone hnes, submarine cables, etc. In 
the latter case, in fact, this phenomenon necessitated 
the invention of a set of specially delicate instruments 
to enable the received signals to be read, so much were 
they enfeebled after passing through a long length of 
cable, owing to its large electro-static capacity. 

It also enters into the phenomena of lightning dis- 
charges, and of the electricity which is generated by 
the firiction of belts over driving pulleys. 
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Electfolijsis is the property which electric currentda 
possess, of decomposing compound liquids through 
which they pass ; that is to say, liquids which are 
formed hy the combination of two or more chemicaJ 
elements. 

A certain electro-motive force is necessary in each, 
case, varying with the liquid to be decomposed ; and 
it is measured by the energy required to bring the 
components into their original physical condition be?J 
fore combination. 

The combination of two or more elements sets fra( 
a certain amount of energy, which may appear 
heat, electricity, or in other forms, according to tte 
conditions present ; while the decomposition of any 
body requires the expenditure of energy, just as aig 
expenditui'e of heat energy is required to convert 
water into steam, and vice versd. 

There are usually a series of chemical reactioni 
whenever electrolysis takes place, some of which in- 
crease the amount of energy required to maintain 
them, and others decrease it. Or, in other words, ona 
set of reactions, — the combinations which take place,- 
set energy free and assist the current ; the other set,- 
the decompositions,— absorb energy, and resist tha 
current. 

As also an electric current, or, more properly speak- 
ing, an electro-motive force, gives rise to d e compos ition^- 
so decomposition from any other cause gives rise to 
electro-motive force. Thus, the strong af&nities of zino! 
and iron for oxygen, if allowed to act, give rise to 



GLOSSARY OF TERMS, 16 

electromotive force in the galvanic cell ; while, on 
the other hand, the decomposition of the fluid from 
which the oxygen is taken, absorbs energy, and takes 
up a portion of that which would otherwise be avail- 
able as E.M.F., the resultant E.M.F. depending upon 
the algebraical sum of the increments of energy set 
free and absorbed by these reactions. 

In every form of electrolysis, whether it goes on in 
a galvanic cell, in an electro-plating bath supplied 
with an electric current from an external source, or in 
the numerous instances where it is always at work, 
though often unperceived, one rule holds good in- 
variably. The gases, with the exception of hydrogen, 
are always found at the plate or point called the 
Anode, where the current enters ; the metals and 
hydrogen, at the place where the current leaves the 
liquid, called the Cathode. 

This property of the electric current is of great im- 
portance in many cases that are not always recognised. 
Thus, — ^wherever an existing E.M.F. can force a cur- 
rent through any body containing a compound fluid 
in suspension, it will proceed to decompose it, in ac- 
cordance with the above law, and in proportion to the 
strength of the current, — and that is why the insula- 
tion of dynamo-machines and other apparatus breaks 
down occasionally without apparent reason, especially 
in the face of high tensions or high E.M.F.s, because 
Ohm's law comes in here, as elsewhere. Given a cer- 
tain E.M.F. and a certain resistance opposed to it, 
and a certain current will pass, no matter what may 
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be the nature of the body creating the resistance ; and 
given a fluid, no matter how placed, with an eleotrio. 
cnrrent passing through it, and electrolysis will follow. 
The electric current will deposit certain definite 
quantities of each known chemical element for each 
Ampere of current, as per the table below. But it 
must be remembered that these quantities will only 
be deposited provided the body has no opportunity of 
reforming some other combination ; and in very manV^ 
cases it has this opportunity, so that the rule can only 
be a rough guide ; but, as it may be useful, it is given 
here. 



Table of Electbo-Chemical Equivalents. 



Coolumli. 
Electro-poaitive : — 

Hydrogen 0-0000105 

Potassium O'OOOilOS 

Sodium 0-0002415 

Gold 00006875 

Silver 00011340 

Copper (Cupric) 0*0003307 

(Cuprose) .... 0-0006615 

Mercury (Mercuric) .... 0-0010500 

„ (Mercarose). . . . 0-0021000 

Tin (Stannic) 0'0003097 

„ (Stannoae) 0-0006195 

Iron (Ferric) 0-0001470 

„ (Ferrose) 0-0002940 

Hickel 0-0003097 

Zino 0-0003412 

Lead 0-0010867 
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D-negatiTB; — 

Oxygen 0-0000840 

Chlorine 0-0003727 

Iodine 0-0013335 

Bromine 0-00084O0 

Nitrogen O'OOOOi'^O 

le Work Done by an electric cun-ent in passing from 

_» point to another, througli a conductor or series of 

^ductors, is measured by the product of the E.M.F. 

iBting between the two points, while the current is 

»iBjf, mnltiphed by the current strength ; or, shortly, 

1 the work done =E, the E.M.F., x C, the current. 

pd, if E be in Volta and C in Amperes, the result is 

i Wflte, the Watt being the unit of work done, and 

pal to TTif of an English H. P., or ifJT foot-lbs. It will 

I that this method of measurement of the work 

dona by an electrical current is similar to that for all 

work done. Thus, the work done by a h?avy body in 

mg from a certain height is measured by the pro- 

^t of its weight and the height from which it fell. 

Hue, of course, enters into the calculation, as in all 

fcer measurements of work done, the Watt being equal 

■*^flji foot-lbs. per minute, or t\^ foot-lbs. per second. 

i formula is of great importance in connection 

with electric hghting, transmission of power, and other 

mechanical work, as it enables us to calculate the 

meelianical energy required fco produce certain elec- 

l energy ; and, on the other hand, having given 

a electrical energy, we can calculate the amount 
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of mecliEnical energy we may hope to recover, after 
allowing for loss by heat and other conversions. 

TaHng the formula "\V = E 

and one of those given for Ohm's law . E = C E 
and substituting for E ita value C E in 

the first equation, we get . , . , W = C^ R 

This is usually written. H = C~Rt, and is known as 
Joule's law, for the heat developed by an electric 
current in any conductor through which it is passing J 
heat, of course, being merely one form of work. 

In other words, the heat developed in any conducts 
per second, is measured by the product of the squaio^ 
of the current passing, in Amperes, multiplied by th« 
resistance offered in Ohms. C'E is measure' 
Watts, just as EC was. In fact, one will stand fi^ 
the other, and can be directly connected with Joule'i 
law of heat by hia well-kuown heat equivalent, 778 
foot-lba. 

It will be seen that this law shows us how to cal* 
culate the heating effect of the current upon any. 
conductor, whether it be the carbon filament of an 
incandescent lamp or a main electric lighting cable; 
that is to say, the heating effect we should get, it 
there were no aourcea of loss, such as radiation, specific 
capacity for heat in the conductor, etc. 

"We may also obtain another formula from Joule's an^ 
Ohm's laws combined, which is sometimes of service : 

z? ■ W = -^- 
B ■ R 



W = EC. 
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or the work done in Watts by an electric current is 
equal to the square of the E.M.F. when the current is 
passing, divided by the resistance. 

This formula is of service where the current is not 
directly measurable, and will explain the reason that 
the effects of a lightning discharge are so disastrous, 
its E.M.F. being probably millions of volts in some 
cases ; though, owing to the great resistance opposed to 
it, the current passing is small. It will be noticed that 
it has been stated that the E.M.F., when the current 
is passing, is to be taken, the reason being that the 
measured E.M.F., or difference of electrical potential 
existing between any two points, is less when a current 
is passing ; the passage of the current over the con- 
ductors in its path, before arriving at the two points in 
question, taking toll as it were of the initial E.M.F. 
generated, in accordance with Ohm's law. This will 
be dealt with more fully in the chapter on electric 
light circuits. 



THE ELECTHIC CIBCUIT. 
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Before attempting to deal with any of the forma < 
electrical apparatus that are in practical use, it may- 
be as well to give some idea of that which underlie! 
the working of all electrical apparatus, viz., the eleotriej 
circuit. 

The electric circuit ia the path or paths by whicK 
the current passes ; and it must be complete from any, 
given point, say the positive pole of the generator^ 
through the wires, cables, etc., forming the externa] 
circuit, back to the negative pole of the generatori.^^ 
and through that to the positive pole from which it 
started. If any portion of the circuit be wanting; 
that is to say, if there be any place, or any body 
present in the path of the current, where the avail- 
able E.M.F. cannot force any current through, then r 
current passes in any part of the circuit ; and thfrf 
apparatus which should have been actuated by thi 
current does not work. A complete electrical circuira 
ia sometimes spoken of as a closed circuit, and tlu 
operation of causing the current to cease is refen 
to as breaking circuit, or opening circuit ; and again, 
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circuit in which no current is passiug is sometimes 
called an open circuit. Thus, a dynamo machine is 
spoken of as being run on open circuit, when no work 
is being done in the circuit external to the machine. 
The same current, — that is, the same strength of cur- 
rent in Ampires, — passes in every part of a closed 
electric circuit ; so that if a body whose resistance is 
comparatively high form part of the circuit, it will 
weaken the current passing in every part, in accord- 
ance with Ohm's law ; and conversely, lowering the 
resistance of any part of the circuit will raise the 
current strength. 

Though it has been stated that for all electrical 
action, or rather for the working of all apparatus re- 
quiring the passage of electrical currents, a complete 
electric circuit is necessary, it does not follow that 
there may not be more than one electric circuit ; in 
iict, there may be as many of them as you like, and 
f may be arranged all to emanate from one soiu-ce, 
r to branch out from other circuits. But no matter 
' many there are, the same rules hold good, viz., 
Iiat no ciurent will pass in any circuit, — whether it 
be one of a number of circuits, a branch from another 
circuit, or a simple circuit by itself, — unless that indi- 
vidual circuit is complete ; and it follows, of course, 
t in the case of branches from a larger circuit the 
1 circuit and the individual branch must be corn- 
Further, when a main circuit is divided into a 
r of branches, technically called derivations, the 
nt in the main circuit divides between the brancli 
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circoits in the inverse ratio of their resistances, 
branch having the highest resistance taking tha4 
Hmallest current, and vice versd. This again is strictly 
in accordance with Ohm's law. 

A simple method of gi'asping the idea of an electric . i 
circnit, which the Author has been accustomed to place 
before the pupils of his firm in the early days of their 
articles, is the following : — 

Imagine a complete ring or hoop of wire, as shown ] 
in Fig. 1 ; and that an electro-motive force arises at 
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Fig. 2. 



Home point in the ring of sufficient magnitnde to 
generate a current. This current will go on circulat- 
ing round the ring as long aa the E.M.F. exists, and 
the wire remains intact. For simplicity, it is assumed 
that the ring is perfectly insulated from every other 
'ionductor, and that there are no branch circuits. 

Now, suppose that we cut the ring of wire with a. 
pair of pliers, at any convenient point, as Fig. 2. The j 
current will no longer pass. Now, let us take a galvanio j 
cell and connect its two poles — that is, the points t 
which the current can be taken from it — to the ends j 
of the wire we have just cut, as Fig. 3. We have in. I 
the galvanic battery the source of electricity we re~| 
quire, and the current from it will continue to circu- ] 
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Iftte through our ring of wire and our cell — which it 
must not be forgotten forms part of our circuit — as 
long as the cell continues to create an E.M.F., and 
there is no break in any part of the circuit, either in 
the wire loop or in the cell itself. But how are we to 
know that we have a current passing ? Well, in some 
cases the action visible in the battery cell will tell us, 
but not always ; and, as we shall see later on, a battery 
may be consuming materials when no useful work is 





Fig. 3. 



Fig. 4. 



being done. Cut the wire in a second place and con- 
nect to the ends some apparatus that will denote the 
presence of the current furnished by one cell, against 
the resistance of our loop of wire ; say an electric trem- 
bling bell, as Fig. 4. The current that will pass will 
be as the E.M.F. created by the cell, divided by the 
resistance of the circuit ; that is, the combined resist- 
ance of the cell, the bell, and the connecting wire. If 
our bell is constructed to work with the current pass- 
ing in our circuit, it will commence ringing, and will 
go on until either the battery ceases to create an 
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E.M.F., there is a break in the circuit as before, 
the resistance of some part of the circuit— say that o 
the cell itself— rises sufficiently to reduce the c 
below the strength at which the bell will work. 

The question of the increase of the resistance of tiim 
battery will be dealt with later on ; at present ved 
will only consider actual breaks in the circuit. Cafg 
the wire in a third place, and, this time, insert ] 
pnah, as shown in Fig. 5, such as are to be seen : 
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every optician or electrical apparatus dealer's window, 
and which consists simply of two springs mounted on 
a board, and so arranged that the ivory button facing 
them, when pressed by the thumb, brings them into 
metallic contact ; the ends of the two wires being 
connected to the two springs. 

If we have carried out the above experiment csare- 
fully, the bell will now ring whenever we press the 
button of our push ; and we have control of the bell 
as long as we have no other break in our circuit. It 
is obvious, of course, that the wire connecting the 
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lah, bell, and battery may be of any convenient 
' 'length, provided that the battery, wire, and bell be so 
proportioned that the latter will ring with the current 
that passes. The reader will recognise the arrange- 
ment as that of an ordinary domestic electric bell. 

But now cut our wire in a fourth place, and we 
shall lind that we have lost the control of our bell, 

b because we have another breal: in the circuit besides 
iHie one at the push. (Fig. 6.) 



^ 




Fig. C. 



Let us suppose, also, that otir wire is covered with 
gutta-percha, which we know has a very high re- 
sistance; and is, for most practical purposes, an insu- 
lator. Suppose that in any one of the connections we 
have made — to battery, bell, or push — we neglected 
to remove this covering before making our connection, 
we should find that we had bo cmrent passing ; and 
the reason would again be, because, in accordance with 
Ohm's law, the resistance offered by the two thick- 
nesses of guttarpercha was so great in proportion to 
the E.M.F. created by the cell, that no appreciable 
corrent could pass. Therefore, in all connections be- 
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tween wire and wire, or between wires and terminaJ 
or other connecting pieces, we always first removi 
whatever insulating covering may be present, and t 
also scrape the wire bright, as dirt offers a highei 
aistance than copper. The reader must not imagine ' 
that gutta-percha offers an impassable resistance under 
all conditions ; each case works out in exact accordance 
with Ohm's law. It was only because the E.M.F, of] 
the cell was low, that the gntta-percha barred 1 
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Fig. 7. 

passage of the current ; if a high tension generate 
had been used, some current might have passed througK 
the covering. 

Let us attach wires to the bel! and battery, ajid 
lead them to a second push, as shown in Fig. 7. We 
have now a circuit with two branches, the bell and 
battery being included in each, and we therefore con- 
trol the action of the bell from either push, so long 
as there is no other break in the circuit. If there 
should be a break in that portion of the circuit be- 
tween the bell and battery which is common to botl^ 
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branches, we lose the control of the bell from both 
pushes. If there is a break, other than that at the 
push, in either branch outaitle the bell and battery, 
we lose the control of the bell from the push belonging 
to that branch. 

Even a break in the circuit itself acts strictly in 
accordance with Ohm's law. If no current passes, it 
is because the resistance interposed by the break is 
infinitely large, compared with the E.M.F. available. 
If the E.M.F. were increased' very much, a current 
might still pass, as in the case of the electric spark, the 
arc lamp, and in a hghtning dischai^ ; the strength 
of the current in each case being strictly proportional 
to the E.M.F. divided by the resistance ; but it is 
always necessary to he sure that we have aJl the re- 
sistance of the circuit included in our calculation. Not 
infrequently the resistance of the generator itself, of 
the hody from which the current proceeds, is of very 
great importance. Often, too, matter which we do not 
want, such as dust or dirt, interposes itself in the cii- 
cuit, and before we can apply the law correctly, we 
most know this resistance, and it must take its place 
III our calculations. 

It may perhaps be as well here to give the rule for 
lietermining the joint resistance of two or more 
derived or branch circuits. Supposing that we have 
1 source of electricity, with a certain E.M.F, available 
It a certain point, from which branch out several 
' red circuits, as they are called. The current in 
branch is determined strictly by reference to 
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Ohm's law ; that is, the E.M.F. being the same, all wd 
have to do is to divide it by the resistance in each case 
A dynamo feading a number of incandescent Iamp| 
ia a familiar instance, and easily understood. Suppos 
that the E.M.F. ia the same at the terminals of all the 
lamps; then, if the resistance of each lamp is the same, 
the current passing through each will be the same ; 
but if their resistances be difE'erent, as when they are 
of different candle-powers, or different patterns, then 
we calculate the current in each case by the formula ; 
and having obtained all the currents, add them to*g 
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we have the joint resistance of the group. 

To take an example, suppose we have a dynam 
an electric light service with 100 Volts difference of 
potential, and that we have lamps whose resistances ' 
when burning are respectively 400 Ohms, 200 Ohma,. I 
100 Ohms, 50 Ohms, 10 Ohms. These lamps will tabs " 
i Ampere, ^ Ampere, 1 Ampere, 2 Amperes, and 10 
Amperes. The sum of these 10+ 2 + 1 + -5 + '25 = 1375 
Amperes, and their joint resistance = J3™=7'67 Ohms. 

The joint resistance of a number of branch circuits, 
whose resistance is equal, as, say, a number of incan- 
descent lamps, all of the same pattern and of the same 
candle-power, is found by simply dividing the resist- 
ance of one branch by the number of branches ; thus, 
if we have 20 lamps, each of 200 Ohms resistance, their 
joint resistance is equal to V^ = 10 Ohms, when they 
are arranged as branch circuits emanating from the 
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L6 points. Of course, in actual work, you do 
stways have all the branches emanating from the same 
points, and it is therefore generally more convement 
calcttSate the currents than the resistances. 

For two branch circuits of uuequal resistance, the 
joint resistance may be found by multiplying their 
resistances together, and dividing the product by their 
sum. Thus, if we have two resistances 10 and 2, their 
joint resistance = i^ = i| = 1-6 Ohma. For any 
number of branch circuits greater than two, the for- 
mula becomes somewhat complicated, and the method 
given above, of finding the current strength in each 
ease, will be found simpler. 

This matter will be explained more fully when 
dealing with Electric Lighting Circuits. It may be 
mentioned, however, that the rule applies to such 
branch circuits as the insulation of telegraph or tele- 
plume lines, and to that of cables for electric lighting or 
transmission of power ; each unit of length, say a mile, 
oi" a hundred yards, and each pole, being considered as 
B Separate branch. Thus, if the insulation resistance 
of a telegraph or telephone line, — that is to say, the re- 
Biatance between it and the earth,— be 1,000,000 Ohms 
fori mile, for 1,000 miles it would only be 1,000 Ohms, 
Sffld the leakage path, as will be explained later, would 
M very serioiis, as, with ordinary telegraph wire, it 
would be less than that of the proper conducting path. 
The Earth. — In connection with the electric circuit, 
the Eabth, or Ghound, as the Americans term it, often 
plays a very important part. 
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It has been explained tliat the electric circuit conf 
sists o£ a path, from the generator, through the api 
paratus that is to be worked and that which is 1 
work it, back to and through tlie generator itself, 16 
win he seen that the apparatus to be worked^ths 
bell, lamp, or whatever it may be — and that which is 
to control it — say the push, key, or switch — may be 
soms distance apart. This requirement would 
ceasitate two wires or conductors between the 1 
places, unless some other path could be found thai 
would perform the of&ce of one wire, and carry i 
returning ctnrent. 

The crust of the earth, a river or stream, the metali 
of a railway, the water and mud of a dock, the ga* Mf 
water service of a town, may each form this path, and 
thus save one wire or cable. But it must be distinctly 
borne in mind that " earth," or " ground," as anythinj 
which answers this purpose is technically called, il 
subject to Ohm's law, exactly as the wire or cabl^ 
which forms the other part of the circuit ia. If the re* 
sbtance of any part of the earth circuit is high, 
will weaken the current, exactly as a bad joint wouldj 
or a small wire. Thus, if you make connection to the 
gas-pipe, and there happens to-be a good gas joint; 
but, as often happens, a bad electrical joint ; between 
one of the feed pipes and the main, you get what is 
technically known as " bad earth ;" or, in other words, 
you have a resistance in the circuit that you had not 
bargained for, and which must be avoided if possible. 
So also with reference to the rails : if the connections 
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between the rails at the fish-plates are not electrically 
good, a like result will IbUow, 

It must be borne in mind, too, that the resistance of 
the earth circuit must be proportionate to the current 
that ia to pass. Thus, what would bo good earth for 
a telephone current may be very bad earth for an 
electric-hghting current. Very large iron water pipes, 
even, might offer so much resistance at their joints as 
to be quite unsuitable for electric-lighting currents of 
even moderate strength. 

Another important point in connection with earth 
is its variability under different physical conditions. 
If the crust of the earth be used, for instance, in very 
dry weather, or in frosty weather, the resistance may 
be almost infinite, as the conducting path consists of 
the moisture in the pores of the earth. Again, a dock 
with 20 feet of water in it would afford a good con- 
dnoting path, whereas the clock empty might not. 

It win easily be understood, too, from what has been 
said on the laws of resistance, that it is of importance 
to have a large surface in contact with the earth, or 
whatever may be used for a return, as the resistance 
offered by the earth will vary directly as the distance 
between the two surfaces, and inversely as their sec- 
tional area. It is also of importance that the earth- 
plate should be proportioned to the current that is to 
pass, and that it should be subject to as little chemical 
action as possible. Under the very best conditions 
there will be some resistance at the surface of the 
plate, where it is in contact with earth; and that 
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resistance will generally increase, owing to chemici 
action. It is therefore wise, in laying down electrical 
apparatus, when using earth, to allow for this, and to 
make your earth connections very much larger than 
they otherwise would have to be, or than a considera* 
tion of theory simply would dictate ; that is to say^ 
the theory that would apparently apply at the tiny 
the plate was laid down. 

The earth is, of course, subject to the same laws of 
derived circuits as other conductors ; and we may ex- 
pect that if a portion of the earth's crust, or a stream, 
gas or water service, form part of several circuits, por- 
tions of current from one circuit will occasionally find 
their way into other circuits ; and accordingly we find 
this the case with telephone circuits, it being most 
difficult to prevent messages being heard in wires not 
intended for them, owing to their passage by earth. 
This is always more marked where earth is bad, or of 
high resistance. 

Insulation. — Before proceeding to the practical detaij 
of the construction of the various apparatus in use, 
it will be advisable to devote a short space to t] 
consideration of the most important of all points 
connection with electrical engineering, viz. that of in 
lation. This is the rock that almost invariably wrec] 
the tyro in electrical matters, and more particular!" 
even the man who, possessing but a shght knowledj 
of the science, fancies there is no mystery about it. 

It will be remembered that it was stated at the^ 
beginning of the book that although bodies divided^ 
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themseWea roaghly into three groups, which might bo 
termed for convenience, conductors, semi-conductors, 
and insulators ; yet the difference was only one of de- 
gree. All bodies conduct, all bodies offer some resist- 
ance; and whether a current passes or not, and what 
current passes, is decided by Ohm's law, no matter 
w^hat the substance may be. 

It has been already pointed out, that a long length 
of fine wire offers a higher resistance than a river, for 
instance, though the wire is classed as a good conduc- 
tor, and water as a very bad one. It should also be 
noted that the conducting or insulating properties of 
all bodies, vary with their physical condition. Thiis 
dry cotton is a good insulator, wet cotton a very bad 
one. Dry glazed earthenware or glass are good in- 
sulators ; the same with a film of moisture condensed 
on their surface are very bad insulators. 

Further, the relative values of different substances 
ta insulators vary inversely with the E.M.F, opposed 
to them ; and also, it must not be forgotten that the 
electrical resistance of the insulator through its sub- 
stance follows the same law as to length and cross 
section as conductors, so that a substance which may 
insulate very well where only a small cross section is 
exposed to the E.M.F. present, may not do so if the 
section is large. As for instance, in the case of two 
ooverBd wires touching each other outside their cover- 
ing; if they touch only at one point, the resistance of 
the insulating material — or the insulation resistance, as 
it is technically called, — is high because the dimensions 
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are small ; but if the two wires are twisted, and lie 
together for some distance, the insulatioa resistano* 
may be very much less. 

A substance that will insulate perfectly in tl 
presence of an E.M,F. of a few Volts, such as are use 
in telephone and electric bell work, may break dow 
entirely under the strain, say, of 100 Volts, the E.M.I 
now used in most electric light work. And again a 
substance that will answer for 100 Volts, may break 
down under the strain of 2,000 Volts, the E.M.F. which 
the Brush Cos. are using, and which apparently ia to. 
be used in town supply. 

Again, in the choice of an insulator for any par-^ 
ticular work, the electrolytic properties possessed by 
the current, and which have been already described, 
must not be overlooked, nor its ability to spark acroaot 
short distances. A substance that may be a perfeoj 
insulator when new — if placed to separate two pointa 
or surfaces between which an E.M.F. exists, — mi^ 
gradually break down from the action of the currea(S^ 
itself. Remembering, once more, that Ohm's law 
holds good here as elsewhere, whatever the fraotion of , 
an Ampere of current may be which the law says shall 
pass; that current will pass, and will do work, and 
will probably alter the nature of the insulating sub- 
stance, silently but surely ; lowering the resistance t^' 
the insulator, till some mechanical action comes intO( 
play, such as the sharp edge of an iron plate, or i 
needle-point left in, a casting, and either breaks thi 
insulation down itself, or, by lessening the distance t 
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jlie nearest point in the wire, provides tlie conditions 
lecessary for a spark to pass, with practically the 
f tame result. 

Again, the position of the points or siirfaces that are 
to be insulated, with reference to the rest of the 
circuit, must be considered. Suppose a certain voltage, 
say 100 Volts, to be present at the ends of the wires of 
the exciting shunt coils of a dynamo. Let the resistance 
of the coils be 50 Ohms, the current passing in them 
will be 2 Amperes. Now, it will be apparent that we 
have the full 100 Volts present only between the outer 
ends of the coils. Between the middle and one end 
we have 50 Volts only, because from Ohm's law E = CR, 
C = 2 as before, and 11 = 25 Ohms. .-.£ = 50 Volts. So, 
if the field magnets have four legs each with 12'5 
Ohms resistance, the E.M.F., or difference of potential 
existing between the ends of the coils on either leg, is 
25 Volts only ; and this is no question of theory, it 
may be proved by an actual test, with an instrument 
called a Voltmeter, to be described later, or by any of 
the methods described in the text-hooks. It is obviooB 
that we may carry this matter as far as we Kke. Say 
that there are 25 layers of wire on each leg. Assum- 
ing that the wire is uniformly wound, each layer will 
have a resistance of '6 Ohm, and as the same current 
passes, viz. 2 Amperes, the E.M.F. between any coil and 
the one above or below it will be 1 Volt. Further, if 
the layer consist of 20 turns, the resistance of each turn 
will be = ■026 Ohm, and the voltage between any two 
adjacent turns at any point='025 x2 = '05, ot ^qYoW, 



36 SCEOTRIOITT. 

Thus it will be seen that the E.M,F., or difference o£ 
poteiitjul, usually present between many points wliiehi 
are in close proximity in coils and other apparatus i 
very small indeed ; and therefore as long as the voIt>- 
age and insulation remain the same all goes well ; but 
should the insulation of any part be lowered, as by 
wet, oil, etc., by adjacent coils coming into contact, or. 
by the deterioration of tbe insulator, the normal strain 
is increased. Thus, suppose that a quarter of the re- 
sistance of the coils of the dynamo magnets before 
referred to be cut out, aay by the ends of the coilt 
of one leg having come into contact with each other, 
80 that the cun-ent passes across this path instead t 
round the coils. Assuming that onr E.M.F. remaiiul 
the same, we have now only 37-5 Ohms opposed to th( 
100 Volts and -lo.,o^=2-66 Amperes passing, instead ( 
2 Amperes. Our voltage will now be in each leg^ 
12-6 X 2-66 = 33-76 v., instead of 25 Volts, and the real!' 
in proportion. 

An increase of this magnitude, on the present con- 
struction of dynamos would probably not be se 
the only thing that would happen being increased 
heating of the coils that were not cut out, and ai 
alteration in the lines of force. But suppose the abov< 
figures were multiplied by 20, and the short circnitin| 
of a coil gave rise to an increased voltage of 2B0 V^ 
between the ends of the coil of one leg, then the matteB 
might be very serious indeed. 

The substances used for insulating are, silk and 
cotton, in places where they will not become wet, i 
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in coils of bells, telegraph and telephone apparatus, 
dynamos, motors, etc., where also the space available 
tor insulation is small, and the covering cannot easily 
be subject to mechanical injury. In some cases the 
cotton or silk ia further protected by a coating of some 
insulating varnish, such as shellac or india-rubber ; 
but it is necessary to avoid all possibility of chemical 
action between the vai'nish and the wire, or between 
the varnish and the covering. 

For wires which are exposed to moistm-e, or that 
have to stand a certain amount of rough usage, india- 
rabber, gutta-percha and Callender's pitch compound 
We uaed, generally in combination with wrappings or 
plaits of cotton and tape. 

For wires that run overhead, as telephone and tele- 
graph wires, no covering is required, the air being the 
^ery best insulator obtainable, tehen it is dry. For 
these wires the rests are formed of highly glazed porce- 
™n, or vitreous earthenware, made into special forms, 
^ that the path from the wire to the iron bolt carry- 
^ the insulator, is as long as possible, and of as 
stnall a. cross section as possible. Ohm's law comes in 
again here. With telephone and telegraph apparatus 
tne wire is connected to ground at each end, and a 
Branch circuit will be formed to ground from the 
wire by way of each insulator and its support, be it a 
pole or the roof of a house. It will be obvious that 
the resistance of a single such leakage path will be 
veiy high ; and that, provided the E.M.F, be low, the 
1 current must be very small indeed ; and so, on 
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short lines, it usually is. But it will also be apparent 
that, as the length of the line increases, the numbet 
of these leakage paths will increase also, and thft 
leakage current may be a very serious matter. 

It is this which makes the problem of telepkoning 
over very long distances so difficult in our humid 
chmate. 

Where the E.M.F. is high, as with high tension 
Electric Light circuits, tke leakage from even a com- 
paratively small number of rests may be serious ; but 
at present the loss by leakage on high-tension Ele(> 
trie Light circuits carried overhead is inappreciable^, 
because the lengths of the lines are so small. It wiU; 
be seen later on that the insulation resistance of thesft 
Electric Light circuits should be kept up for another 
reason, viz, the safety of the public. 

For the insulation of apparatus and parts of apparatufi 
need in electrical engineering, various substances ar«- 
used. Hard wood, when dry, is a very good insulator- 
for many purposes ; wet wood is a very bad insulatrar 
ibr any purpose. Thus, a ringing key at a colliery 
shaft bottom, if mounted on wood, may work perfectly 
at first, and fail after a time, owing to the wood be* 
coming saturated with moisture. 

Vulcanite — hard, black vulcanized india-rubber — v 
a first-rate insulator for nearly every purpose, and it 
does not readily absorb moisture ; hut it is brittle an^ 
expensive, and moisture will condense on its surface. ^ 
It is unsurpassed for small collars, knobs, etc., designed 
to insulate two parts of an apparatus between which a 
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high difference of potential exists, yet which must from 
the construction of the apparatus he close together. 

Vulcanized fibre, another substance somewhat similar 
to vulcanite, is of great service in many places where 
the hrittleness and expense of vulcanite forbids its n 
It is tough, and, as its name implies, of a fibrous 
nature. Its one drawback is, that it absorbs moisture, 
and then its insulation resistance diminishes very con- 
siderably. It must not therefore be used where it 
will be exposed to damp or oil, except where only a 
low E.M.F. is present. 

The flexible fibre is not a good insulator. 

Mica and asbestos are also used for insulation, chiefly 
on account of their non-combustible properties ; but 
they can only be used in certain cases. Asbestos, when 
worked into mill-board, answers very well for many 
purposes, such as the insulation of commutator sections, 
coils of magnets, etc., always provided it can be ar- 
ranged that the sheet shall not be torn ; but it is not 

perfect insulator. 

The use of mica is more limited. Owing to its pecuhar 
laminated character, you can have a plate of mica of 
a certain size as thin as you like, but it must be a 
plate of one thickness aU through. It is not workable 
to section like other substances. It is somewhat brittle 
too, and it is doubtful if its insulating properties are 

high as some people think. Slate and porcelain are 
jHOW being used for the bases of Electric Light switches 
>nd fuzes ; but the former is not a good insulator, and 
will not answer at all for high E.M.F.S ; the latter has 
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the disadvantage that it is difficult to work and is 
easily broken. 

Once more, it must not be forgotten, that in the use 
of all these substances. Ohm's law is the sole arbiter 
of the fittest, coupled, of course, with the law of dimen- 
fiiona and resistance. Thus, it may be quite practicable 
to use a comparatively poor insulator iu the presenoe 
of a low E.M.F., especially if the insulation path is 
or can be made long and of small cross section, where' 
it would not be if the conditions are reversed. 

Induction. — A series of phenomena in connection, 
with electricity that have a very important bearing 
upon the working of all electrical apparatus, are whafc 
are known as electrical induction, or electrical actioo, 
at a distance. 

It has been explained how electrical currents pass 
through conductors where continuity exists — whera, 
continuity does not exist, another series of actions takes 
place— induced electro-static charges are formed, and-' 
induced currents are generated. 

When an electro-static charge is held upon a con-. 
ductor, completely isolated from other conductors, s. 
charge of an opposite name is induced upon all other 
conductors in the neighbourhood, that are not isolated. 

Again, when a current of electricity passes round 
a piece of iron, magnetism is induced in the latter^ 
and will be rendered visible on closing the magnetia;. 
circuit. i 

When a permanent steel magnet is brought near 
a piece of iron or steel, magnetism is induced in the 
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latter, provided it lies in the path of the magnetio 
circuit. 

But the most important phenomena of all are mag- 
neto-electric induction, and the induction of currents 
■upon each other. 

If a permanent or an electro-magnet be brought 
into the neigh bo ui'hood of a conductor, so that the 
latter lies at tight angles, or nearly bo, to the path of 
the magnetic circuit, or to the lines of force as it is 
usually expressed in the text-books, an E.M.F. ia 
generated in the conductor, which will give rise to a 
current, if a path be open for it ; and this generation 
takes place as long as the motion continues, or as long 
as an alteration in the field in the neighbourhood of 
the conductor is going on. Thus, suddenly exciting 
an electro-magnet whose magnetic circuit crosses a 
conductor, will generate an E.M.F. in the latter. 
Suddenly causing an electro-magnet to lose its mag- 
netism will have a similar effect ; but the E.M.F. in 
the former case will bo in the reverse direction to that 
in the latter ; that is, it wiU tend to produce a current 
in the opposite direction through the electric conduc- 
tor. Varying the strength of au electro- magnet will 
have the same effects, though ia a minor degree, as sud- 
denly magnetizing it or causing it to lose its magnetism. 

Upon the phenomena of induction the dynamo- 
electric machine, the induction eoU, and the trans- 
former have been reared. 

The property of inducing currents also extends to 
wires in the neighbourhood of other wires. If, for in- 
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stance, a second wire be wrapped round an electM 
magnet, in addition to the exciting wire ; each time 
that the exciting circuit is closed, an E.M.F. will be 
generated in the second wire ; and each time the ex- 
citing circuit is broken, an E.M.F. will be generated 
in the second or secondary wire, as it is uauaily termed, 
the exciting wire being called the primary; but the 
direction of the E.M.F. generated in the two cases will 
be opposite to each other. 

A variation in the strength of the current passing in 
the primary or exciting wire is also followed by a 
generation of E.M.F. in the secondary, though in a. 
minor degree. 

The directions of the secondary E.M.F. s are always 
such as to resist the action of the primary current. 
Thus, the current which passes in the secondary when 
the primary circuit is closed, is in the opposite direc- 
tion to that passing in the primary ; that which is 
generated in the secondary when the primary circuit is 
broken, is in the same direction as the current that was 
passing in the former. 

Similarly, weakening the primary curreiit generates 
a current in the secondary in the same direction as 
that which is passing in itself. Strengthening the 
primary has the reverse effect. 

It is not necessary even for two wires to be together 
on an electro-magnet for induction to take place. Sud- 
denly making or breaking the exciting circuit of an 
electro-magnet, generates opposing E.M.F.s within the 
coils of the exciting wire itself; that when it is made 
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g tbe current, and tliat when it is broken iissist- 

3 it- The latter has been known as the ea:tra cur- 
rent, having been so named by Faraday, to whom we 
^8 indebted for so many researches upon electro- 
magnetic induction. It is the extra current that 
gives anch a smart and often fatal shock, when the 
circuit of a high tension Electric Light machine is 
hroken ; the coils on the field magnets of the dynamo 
generating, by induction, a very much higher E.M.F. 
tlian the working E.M.F, of the machine. 

The secondary E.M.F. generated in all these cases de- 
pends upon the primary E.M.F., the number of coils 
taking part in the induction ; or, what amounts to the 
same thing, the lengths of the wires exposed to induc- 
tioii; upon the speed of motion where one or both 
wdies move ; and inversely upon the distance between 
tae exciting and secondary apparatus. 

It must be remembered, however, that in all these 
^isea, induction only takes place while motion is pro- 
ceeding, or changes of magnetism are taking place, and 
tliB currents generated are therefore usually only of 
Very short duration. 

But it is not even necessary that iron should be 
present, for induction to take place. If two wires be 
near each other and parallel ; when a current passes in 
nue, an E.M.F. is induced in the other at the moment 
'lie first starts and at the moment the first ceases ; 
Slid these two are in opposite directions, and obey the 
Eame rule as before ; viz., the secondary current is in 
the opposite direction to the primary, when the latter 
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commences, and in the same direction as the primar^ 
when the latter ceases. 

A variation in the current passing in. one wire also 
gives rise to induced E.M.F.s in the other, just as in the 
case of the electro-magnet, with two wires wound on it. 

The induction in the case of two wires also follows 
the same rule as to distance apart, and to the lengths 
of wu-6 exposed to induction. The induction, for in- 
stance, between two telephone or telegraph wires 
running parallel for several miles, and within a few 
inches of each other, as on ordinary telegraph poles, will 
be very great ; while that between wires separated by 
the width of a street, or only running together for a 
short distance, may be inappreciable. 

The reason for E.M.F,s being generated in conduc- 
tors under the conditions named, is evidently due to 
their passing through the magnetic circuit, or, as it is 
usually termed, cutting the lines of force. Where an 
electro-magnet is excited, a magnetic field, a magnetic 
circuit, or magnetic lines of force, whichever term be 
preferred, is created ; and the secondary wire lying in 
their path, an E.M.F, is generated in it. The converse 
takes place when the primary circuit is broken ; and 
this applies to all cases of electro-magnetic induction, 
A magnetic circuit is either created, broken, or varied ; 
and in each conductor lying in the path of the circuit, 
an E.M.F. is generated. 

From the above it naturally follows, that in conduc- 
tors which run parallel to the directions of Unes of 
force, no E.M.F, is generated; and so it happens that 
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BO indnotion takes place between two wires crossing 
each' other at right angles. 

For effective induction, where the secondary current 
13 to be used apart from the primary ; as in induction 
coils used for experimental purposes, for telephone 
transmitters, for the transformers now being intro- 
duced into electric lighting ; the primary and second- 
ary coils mast be insulated from each other, and the 
iBBulation should be proportionate to the E.M.F.3 
generated, "With induction coils, by wrapping a long 
length of secondary wire round a shorter length of 
primary, it is possible to generate very high E.M.F.s 
■D the former, using only very low E.M.F.s in the 
latter ; each coil of the secondary that is brought 
within the influence of the lines of force, adding to 
tie E.M.F.s generated. Where high E.M.F.S are 
generated, and used for the purposes of Electric Light 
distribution, being converted into low E.M.F.s at the 
point of consumption, great care must be taken to in- 
snlate fully between the coils, or the inductive action 
will be destroyed to a. large extent ; and may give rise 
to serious accidents. 

But though, where it is desired to use electrical in- 
daetion as a servant, it is necessary to insulate the 
two coils from each other, induction will take place 
nevertheless without any insulation. One case has been 
given, where the coils of an electro-magnet generate 
an E.M.F. by acting inductively on each other ; coils 
even are not necessary ibr induction. But it will take 
place within a wire itself. 
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Each portion of a conductor acts as a separate t 
ThuH, a copper rod Iialf an inch in diameter, may be I 
taken to consist of a number of small wires all grouped J 
round a centre ; and as apparently the first action of I 
a current is mainly conflued to the surface of a con- J 
ductor, induction takes place between the outer wires, ^ 
so to speak, and the inner, giving rise to many! 
puzzling phenomena in connection with dynamo con-|~ 
struction, and with lightning discharges; about "whlcltj 
sometbijig wd probably be said later on, Prof. Olivai 
Lodge's recent investigations having considerably; 
modified our ideas with regard to the latter. 
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Magnetism and Electricity are very closely allied, eacli 
being more easily converted into tbe otLer than into 
any other form of energy. In fact, as will be seen 
later, the presence of an electric current implies mag- 
netism, or, as it 13 termed, a magnetic field around the 
conductor through which it ia passing ; while any 
change of the magnetism of any body or system, — or, 
as it ia technically expressed, any change in the 
strength of the magnetic field, — immediately gives rise 
to electric currents. 

Like electricity also, we know very little of its 
nature, though rather more than we do of the sister 
science. We know, for instance, that an iron bar 
when magnetized is longer than when not magnetized ; 
and fi'om various researches, principally by Professor 
David Hughes, we gather that the act of magnetization 
consists in an attempt by the molecules of the body 
to turn on their axes, and to place themselves in line 
with the direction of the magnetizing force. All bodiea 
conduct magnetism, some with greater facility than 
others; but of aU bodies, iron and its compounds, steel 
and cast iron, alone exhibit appreciably the magnetic 
properties, which are : — 
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1. The property ot pointing, when freely suspended, 
to those spots on the earth's surface known as its mag- 
netic North and Sonth Poles, — one end, or one pole, as 
it is termed, turning always towards the magnetic 
North Pole, and the opposite one to the magnetic 
South Pole. 

2. The property of repelling the pole that, — if both 
■were freely suspended beyond the influence of magneto 
other than the earth, — would point in the same direc- 
tion, and of attracting the opposite pole. Thus, two 
north-seeking ends of a magnet ; or, as they are called, 
two north poles, repel each other, and two south poles 

h other ; whfle a north and south pole attract 
each other, 

3. The property possessed by a magnetized body oi 
inducing magnetism in other bodies not in contaot 
with it, and in such a manner as to cause motion be- 
tween the two, if either ie free to move, or if the in- 
ducing force is sufficiently powerful to overcome the 
mechanical resistance to motion. 

As with electricity also, we have a magnetic circuit, 
which consists of a closed ring of attractions, and 
whose resistance to magnetization varies Mdth the sub- 
stance and with the dimensions of the magnetic con- 
ductor. Thus, a long, thin bar offers a greater resistance 
to magnetization than a short, thick one ; and, stated 
shortly, the magnetic resistance offered by any body 
varies directly as its length in the direction of the 
magnetic circuit, and inversely as its cross section. 

Steel offers a greater resistance to magnetization 
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than pure wrought iron, aa also does cast icon ; and 
all three have the property of retaining their magnet- 
ism to a certain degree, wlien once they have heen 
magnetized. Aa might be expected, upon the theory 
that the operation of magnetizing consists in a twisting 
of the molecules, those bodies, aa ateel and cast iron, 
which offer most resistance to the inducing force, aa 
it is termed, retain more of their magnetism, and for 
^er, than wrought iron. With very pure iron, such 
Swedish, Favnley, or Lowmoor, it is very difficidt to 
find any traces of magnetism when no inducing force is 
present, while either will give a very high return for 
a given magnetizing power that is applied. With steel 
or cast iron, on the contrary, it is by no means easy to 
induce them to accept of magnetization ; but when once 
it has been accompHshed, they retain a very large per- 
centage for some considerable time. 

These properties are of very great importance in the 
construction of electrical and electro-magnetic appara- 
tus. Thus, the needles of compasses and miners' dials 
are always made of steel, their property of pointing 
north and south being all the service that is required 
of them. In any apparatus where a selective action is 
requii-ed (or where an attractive power is required in 
a light, portable form, as in the magneto-telephone 
receiver), a piece of magnetized steel, or a steel magnet, 
as it is called, is used, 

"Where it is required to control the magnetic effect 
the purpose of producing motion, pure wrought iron 
fenerally used, for the double reason, that a smaller 
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weight will answer than with cast iron for the sama 
work, and that it responds more readily to the mag- 
netizing influence, ^usually an electric current, — taking 
up and losing its magnetism readily at the will of the 
operator. 

In dynamo electric machines, — where parts of the 
apparatus are required to retain their magnetism in 
the same sense, that is, with the same polarity, as it is 
termed, as long as the apparatus is working,— those 
parts may be constructed irom wrought iron or cast 
iron, according to the fancy of the designer ; but he 
will have to provide a heavier weight of the latter, to 
do the same work. 

Those parts containing iron which are in motion and 
continually changing the direction of their magnetiza- 
tion, as the iron core of the armature, are always made 
from the purest wrought iron obtainable, 

It has been stated that there is a magnetic circuit of 
attractions, or a continuous path for the magnetism, 
just as there is a continuous path for an electric cur- 
rent ; but with this difference, that magnetism always 
passes, no matter how great the resistance, and the 
effect of the magnetic resistance is simply one of degree. 

Air, for instance, has an enormously greater resist- 
ance than iron, some 140) times, according to a recent 
investigator, Mr, Kapp, to whom dynamo manufaeturera 
are very much indebted for his able researches, and 
above all for his exposition of the law of magnetic re- 
aistance. Yet, if no other path be open, the magnetic 
influence will pass through air, imperceptibly, of course, 



^til some body, such as a piece of iron, able to denote 
J^s presence, is placed within its influence, 

Jerhapa the method adopted for explaining the 
w-orldiig of the electric circuit may be of service here, 
-t-Kdagine a ring of iron or steel, not covered. Iron or 
■^teel, because, as has already been explained, these 
^llistances conduct magnetism better than any others, 
^*^ far aa we know at present ; uncovered, because we 
'^How of no substance that wili act as an insulator 
*Or magnetism in the same sense that india-rubber or 
§rutta-percha does for an electric current. The bodies 
^'liicli offer the highest resistance do conduct magnet- 
ism, even under moderate exciting power, to a very 
^■Ppreciable degree. 

If we apply to any part of our ring an exciting power, 
Such as an electric current passing in a wire wrapped 
^nnd the iron, moderate in proportion to its resistance, 
— that is, which will develop a moderate degree of mag- 
netization in opposition to the resistance of the ring,— 
We shall find scarcely any traces of magnetism anywhere 
Outside of the ring, though we can show, by suitable 
apparatus, aa will be seen when we come to deal with 
transformers, that the magnetism is there, and is a 
perfectly measurable quantity. It has only passed by 
way of the ring, just as the electric current passes by 
iray of a wire, because, with the force available, that is 
for practical purposes the only path open to it. Now 
let U8 cut out, say one-sixteenth of the ring ; and we 
shall find that we have created a totally different set of 
conditions, giving rise to totally different phenomena. 
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First, then, the piece we have cut out— if free to j 
move, and placed at sucli a distance that the magnetic | 
power is sufficient to overcome the friction, mechanical 
inertia, etc., present — will move back exactly into ita 
old place, or as nearly as it can, when the exciting 
power is applied. 

We shali find also that, if our ring is made of steel, 
it haa retained a certain power of attracting the piece 
that we have cut out, after the exciting power has 
been removed. If our ring is of wrought iron, it will 
pull the piece up sharply when the exciting power is 
applied ; while, when the current is broken, it can 
easily be removed, and may even fall off itself if it ia 
heavy in proportion to the attracting power. If we 
pursue the matter a little further, we shall discover 
another and very important phenomenon. It has just 
been remarked that, in the case of wrought iron, the 
piece of the ring we had cut out might detach itself 
under certain conditions. Let us find the conditions 
under which it will not detach itself. Let the piece 
we have cut out of the iron ring be replaced by a piece 
fitting very exactly, the four surfaces being planed true 
to each other. Now, we shall find that we have a 
slightly increased holding power when the ring is ex- 
cited ; and further, that after the exciting power has 
been removed, it will still require the expenditure of a 
certain amount of energy to pull it away. The reason 
is, that while the magnetic circuit is complete, a cer^ 
tain amount of magnetism remains in the iron even 
after the exciting power has been removed. Forcibly 
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pulling away the armature, or keeper,^as the piece of 
iron employed to close the magnetic circuit is usually 
called, — dissipates this residual magnetism ; and so, if 
■we replace the keeper ever so truly and carefully in its 
place, we shall not require the same effort to remove it 
as before. This phenomenon would form a very serious 
drawback to the working of many forms of electro- 
magnetic apparatus, if there were no means of getting 
over it. Fortunately there are. It is sufRcient if we 
break the iron magnetic circuit by a film of air, a layer 
of paper, or, more conveniently, a thin plate of brass, 
to get rid of what would otherwise be the troublesome 
effects of residual magnetism. 

"We shall also find another phenomenon arise, from 
our having broken our ring by taking out a sixteenth 
part as described. It has been explained that the 
magnetic influence always passes, no matter what 
may be the medium ; the effect of the insertion of a 
resisting medium being merely the reduction of the 
atrength of the magnetism ; and it was also explained 
that though magnetism passed invisibly, it could be 
rendered evident by the presence of iron. This may 
be shown in a very striking manner. If we take our 
ring minus its sixteenth, place a sheet of paper or glass 
over it, and sprinkle iron filings over the aperture, 
we shall find these fihngs, when free to move under 
the influence of the exciting power, arranging them- 
selves in regular order from one end of our ring to the 
other, across the break ; and if we investigate the 
matter further, we shall find that the reason these 
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iron filingg arrange themselves in this way ia, because 
each has become a small magnet, under the influence 
of the exciting power of our ring, and each places itseli 
in accordance with the two laws before stated, viz. : — 

1, That, it being a magnet, having a N. pole, that 
aliOTild point to the S. pole of the large magnet, and 
the 8, pole of the filing to the N. pole of the large 
magnet. 

2. That the N. poles of the filings repel the N. polea 
of other filings, and the S. poles the S. poles ; and tlie 

joint operation of these two laws pro- 
duces the curves shown, which Farar 
day termed the lines of force, or the 
direction in which the magnetic force 
is manifested. 

As a ring would not usually be a 
convenient form for a magnet that is 
to be used in electro-magnetic appa- 
ratus, the horse-shoo form is generally 
adopted. For permanent steel mag- 
nets, a strip of steel is bent into the 
form shown in Fig. 8, and its magnetic 
circuit is closed by another strip of steel or iron, or by 
some portion of the apparatus of which it is to form a 
part. For electro-magnets, the horse-shoe form is also 
generally adopted, but it is made in four pieces instead 
of two ; viz. : two limbs upon which the wire that is 
to carry the exciting current is wound ; a yoke, or 
back piece to complete the magnetic circuit on that 
side; and the armature, facing the poles, and moving 



XAQNETISIS. 



&5 



in accordance witli the will of the operator who con- 
trols the electric earrent, to coraplote the magnetic 
circuit on the other sido, as Fig, 9. 

Lines of Force. — Before going further, it will be as 
well to deal with Faraday's very beautiful, but some- 
what pimzUng, conception, tlie lines of force. 

Lines of force bear the same relation to magnetism 

^^^r Fig. 0.— Four-pieae Eltotto-magnet witL Armature. 

that current does to electricity. The production of Hnes 
of force is the result of the work done by a given 
magnetic exciting power, in opposition to the magnetic 
resistance opposed to it ; just as an electric current is 
the result of a given E.M.F. acting in opposition to a 
given electrical resistance. Moreover, the number of 
lines of force passingat any point is a measure of the 
strength of the magnetism at that point, just as the 
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number of Amperes passing in any electric circuit, i 
part of a circuit, is the measure of the strength of" 
the electriu current passing. As in an electric circuit 
also, the current strength is the same in every part of 
the circuit, so too in tha magnetic circuit, the number 
of lines of force passing is the same in every part; 
with the proviso, as with the electric circuit, that if 
two or more paths are open to the lines of force, they 
will divide between those paths or branch circiiits in 
the inverse ratio of the resistance of the several paths. 
Thus, if there be two paths open to the lines of force, 
one through the air and the other through iron, the 
dimensions being the same, they will divide in the 
ratio, according to Mr. Kapp's figures, of 1440 : 1. 
One part passing through the air and 1440 through 
the iron. It can easily he seen, however, that if the 
air path shoidd be short and of large cross section, 
while the iron path was the reverse, an appreciable 
portion of the lines would pass through the air. 
This point comes out very strongly in the matter of 
designing dynamo machines ; what is known as the 
leakage path being in some cases of comparatively low 
resistance, owing to the form of the machine. 

As with Amperes also, lines of force are defijdte 
measurable quantities. Dynamo manufacturers calcu- 
late how many lines of force they have passing into an 
armature, and what the section of the iron should be 
to accommodate them, just aa they calculate the num- 
ber of Amperes required in a given case, and the sec- 
tion of conductor required to accommodate them. But 
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; we liaye no convenient quantities as yet, like tlie Volt 
find the Ohm and the Ampere, that we can refer to aa 
j analogous to the foot-pound in mechanics. We have 
no famiHar name representing so many lines, though 
probably it may not be long before we have one. In 
order to render the subject clear, therefore, we can only 
refer back to the foundations of all these units, those of 
force, mass, and time. The unit line is that force which 
'*il] move the unit body, the gramme, over unit distance, 
the centimetre, in unit time, the second. Therefore, 
when we say that there are so many lines of force 
passing into the armature of a given dynamo, we mean 
ttat we have the power present within the armature 
to do that number of centimetre-grammes of work in 
luiit time, under the influence of the magnetism 
created in the machine ; and, as engineers well know, 
tiiese quantities are directly convertible into the more 
familiar foot-pounds, and H.P. 
Lines of force, then, show the direction in which the 
, magnetism present will cause any free magnetizable 
Wy to move ; and the number of them at any point, 
f referred to unit quantities as detailed above, show the 
force of magnetism available there, or, as it is termed, 
tiie strength of the magnetic field. 

It must not be imagined that magnetism and Unea 
of force represent continuous motion of the molecules 
of the body through which the magnetism passes ; or 
that we should be justified in calling what we now 
know as lines of force, a magnetic current. They are 
jipthing of the kind, nor are they analogous to an 
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electric current, except in so far as has been described 
and for two reasons. First, because magnetism is ac:^ 
inliiiencing or inducing force, like gravity, and not ^S 
moving force like heat or electricity ; and secondly, w^^ 
have a magnetic current, viz., the motion that take^^ 
place in the magnetic circuit, among the molecules orr:^ 
the bodies through which the magnetic iDfluenc^s 
passea, at the moment the exciting power is applied- 
and at the moment when it ceases. 

It will he easily understood from what has passed-— ; 
that as the lines of force passing through air, say fron^» 
pole to pole of a magnet, cdxm- 
radiato in all directions, unless 
their path is shaped for them by 
the introduction of some piece of 
iron, such as the armature, the 
force exerted varies, as in all simi- 
lar cases, inversely as the square 
of the distance from the poles. 
It is doubtful, however, if this law 
holds good in a sufficient number of cases to be of any 
value, as it is evident that it must be subject to modi- 
fication by every change in the conditions present. 

It has been mentioned, that the existence of an 
electric current passing through a conductor, implies 
a magnetic field around the condiictor. Thus, if a 
current be passing in a wire, fines of force are created 
in concentric circles around it (Fig. 10). That is to 
say, a small magnet such as a magnetized steel filing, 
if free to move, would place itself tangential to a circle 
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^f which the wire formed the centre, and simple iron 
filings take up positions in concentric circles round the 
Wire, just as they do in curves across the poles of a 
Magnet. As before, the lines of force show not only 
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the direction of the magnetic influence, but their num- 
^^ or density shows the strength of the field surround- 
^g the wire; and this again is proportional to the 
strength of the current passing, and inversely to the 
Stance from the conductor. 



tm 




Fig. 12. 



The jRrst effect of this property of electric currents 
that became of any practical value, was the power 
^hich it gave of deflecting a magnetic needle out of 
the position we have seen it assumes, povat\xi!gj\^x^A 
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witli the line of tlie earth's N. and S. poles. Thus, if a ' 
magnetized compass needle be suspended under a wire, 
it will be fonnd that when a current passes in the wire, 
the needle will be deflected, the N. pole going to the 
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left when the current passes from S. to N. (Fig. 11) 
over it, to the right when the current passes from 
N. to S. (Fig. 12) over it, to the left when the current 
passes from N. to S, under it (Fig. 13), to the right 
when the current passes from S. to N. under it (Fig. 




Fig. 14. 
14). Thus, a current passing from N. to S. over the 
needle and coming back from S, to N. (Fig. 15) under 
it, will deflect the needle in the same direction, the 
N. pole turning to the right ; while a current passing 
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from N. to S. under, and coming back from S. to N. 
over, deflects the N. pole to the left ; and on this 
principle a large number of electrical measuring in- 
struments are made ; an insulated wire being passed 




Fig. 15. 

continuously round the needle in the same direction. 
It will be obvious that such an apparatus enables us 
to discover the direction of any current passing through 
the wire coils ; and further, that, as the influence of 




Fig. 16. 

the current upon any given needle will vary with the 
number of turns, and with the current passing through 
the coils, we have to our hand the means of measuring 
the strength of the currents we are using. This will 



be dealt with fully when measuring inBtruments ;! 
under consideration. I 

Electro-Magnetism, — The law which has been em 
ciated, which mlea the deflection of a magnetic nee 
when suspended under or over a wire, or inside a w 
coil, holds good equally if, in place of a movable mi 
netic needle, we have a bar of iron or sfceel, surrounc 
by a coil of wire in which a current is passing. If i 
current passes over the bar from us, and returns unt 
towards us, as shown in Fig. 17, the N. pole is on 1 
left, and the S. pole on the right. 
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Fig. 17. 



From this it will be seen that we are able to nu 
netize a bar in either direction, with any gi'^ 
wrapping of wire, by simply reversing the directioQ 
the current passing in the wire. 

It will be understood also, that the number of Ui 
of force, or the amount of magnetization developed 
any bar, will vary in accordance with the law we he 
stated, viz. : — it will depend directly on the exciti 
power, and inversely on the magnetic resistance < 
posed to it. 

The exciting power, again, varies directly as t 
strength of the current passing in the wire, and as t 



number of times it passes round the bar, or, shortly, as 
tbe Amp eve- turns. And it will follow immediately 
from these two, that with a short thick magnet we 
reqnire less exciting power, fewer Amjiere-turns, than 
with a long thin one; since, other things being the 
same, the magnetic resistance of the former is less 
than that of the latter. The resistance of each leg, 
taking the horse-slioe form, is less ; and also the re- 
sistance of the back, or yoke, of the armature and of 
the air space between the poles and the latter, because 
Uie cross section will be necessarily larger. 

Tliis ia in direct contradiction to the ideas that pre- 
■'ailed in the early days of electricity, and to those 
which are to be found in some of the older text-books. 
In those days it was thought that you gained power by 
inweaaed length. The eiTor was probably due to the 
actual fact that you may gain power by using a long 
alectro-magnet, but from a totally different cause, viz., 
the increase of the exciting power. Electro-magnets 
&K often constructed by taking a piece of iron and 
Tapping on it as much wire as you can. As each 
Bneceeding layer of wire is farther and farther from 
the iron, its exciting power becomes less in proportion, 
whilst its electrical resistance becomes greater in pro- 
portion to its length, so that you soon reach a point at 
which there is no advantage gained by adding more 
wire. If you take a longer bar, you increase your 
magnetic resistance, but not so much as to balance 
the increased exciting power that you gain from the 
additional wrapping s 
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Steel is never used for electro-magnets, except i 
special cases, and east iron only in the case of the fiel^ 
magnets of dynamo, where the direction of m.agne« 
tization does not change. For all other purposes,^ 
wrought iron of the very purest quality obtainable is 
used ; the dimensions are either calculated or deter- 
mined by experiment, or calculated from data fur- 
nished by experiment ; and the exciting power is 
electric current passing in a cotton or silk-covered m 
wrapped round and round each limb of the magnet. 




The tteory of tlie galvanic cell has already been 
slietched under the head of Electrolysis. It may be 
briefly aummarized for practical purposes thus, 'When- 
ever we have two dissimilar conductors present in a 
^IMd, we have a galvanic cell ; an apparatus that will 
generate an electric current, if a circuit be provided 
for it. 

The galvanic cell usually consists of two metals, or 
s metal and carbon, immersed in some electrolyte; 
tnat 13, some hquid which the electric current can 
decompose ; the whole being contained in a vesael of 
glass, earthenware, or other suitable substance. A 
galvanic battery is simply a number of galvanic cells 
"Connected together. The containing vessel ia not a 
Beceasary part of the cell. Such an arrangement as 
M iron staple, holding a copper wire, moisture being 
present, forms a galvanic ceU ; so also does the com- 
i>ination of a metal with its oxide adhering to it, when 
moisture is present. 

The term is susceptible of even wider significance, 

and may be taken to include any combination of bodies 

■ giving rise to an E.M.F. by means of chemical re- 
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actions. Thus, two gases, or a gas and a metal give 
rise to E.M.F. ; and any arrangement generating a 
current, in which they are included, would form a gal- 
vanic cell. It must further be understood, that the 
different apparatus which will be described as forming 
parts of a galvanic cell or battery, are really devices 
for completing the electric circuit and maintaining it 
in its normal condition, so that a current may pass 
throagh it in accordance with Ohm's law. It must 
always be remembered that the generator, whatever it 
be, forms part of the electric circuit, and that any dis- 
connection occurring within it, suck as a broken plate, 
or no liquid in the cell, will prevent the passage of the 
current, just as if a wire were broken outside. Further, 
any increase or decrease in tke resistance of the cell 
or other generator, the internal resistance as it is called, 
increases or decreases the resistance of the whole cir- 
cuit, or of any portion of the circuit in which the 
generator is included, and weakens or strengthens the 
current passing, exactly in accordance with Ohm's law. 
In the case of the galvanic generator, also, we fre- 
quently have more than one E.M.F. arising within 
the cell, owing to the secondary reactions that are 
necessary or unavoidable ; and, as has already been ex- 
plained in connection with Electrolysis, the E.M.F. 
obtainable at the terminals of the cell will be the 
result of the algebraical sum of all the E.M.F.s 
present within tke cell. It therefore foliows that any 
chemical reaction which gives rise to a fresh E.M.F., 
either assisting or opposing the initial E.M.F. at the 



GALVANia BATTESTEB. 



67 



fenerating plate, modifies the final E.M.F. obtainable 
at the terminals to that extent. 

One other point should also be noted. The internal 
resistance of each eel} takes toll of the E.M.F, gene- 
rated, just as any other part of the circuit, so that 
the E.M.F, at the terminals of any galvanic cell or 
battery of cells, will be higher when there is no cnrrent 
tan when any given cnrrent is passing, by the E.M.F. 
ad in driving that current through the cell, in 
^position to its internal resistance, measured by the 
formula E = CR, aa before. 

The most favourable combination for a battery 
■would consist of two conductors immersed in a liquid, 
one having what is called a strong chemical affinity 
for one component of the liquid, while the other con- 
ductor had an affinity for the other components. 
Unfortunately such a combination is never obtainable ; 
and the nearest approach to it is when one conductor 
has a strong chemical affinity for one component of the 
liquid, while the other component, or components, are 
caused to combine with a third substance placed near 
^^^the other conductor for the purpose ; since, unless the 
^^hther components are disposed of, they form, with the 
^^nnductOT which is not acted upon, one of the opposing 
^^^E.M.F.s already referred to. 

^^H Thus the simplest and earliest form of batteiy, con- 

^^Plsting of zinc and copper plates immersed in dilute 

^^^olphuric acid, is utterly useless for practical purposes, 

because the hydrogen which is liberated on the copper 

plate forms with it an E.M.F. opposing that gene- 
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rated by the combination of the zinc with the other 
portion of the sulphuric acid and water. 

All known galvanic batteries that are in practical 
use, with one exception, have zinc as the generating 
or consuming plate, the oae that furnishes the power, 
just aa coal does in a furnace. Nearly all batteries 
also use carbon as the plate which is not acted upon, 
and which is called the collecting plate. A few forms 
use copper, and one platinum. 

One form of battery uses iron for the generating 
plate, but it is confined to electric lighting, and has 
done very little practical work up to the present, so far 
as the Author is cognisant. 

The principal variations in the different forma of 
battery in use at the present day, are in the exciting 
liquid, as the electrolyte in which the conductors are 
immersed ia called ; and in the meana provided for 
disposing of the hydrogen gas — which always appears 
at the copper or carbon plate — as fast as it is liberated. 

The number of different exciting liquids in use is also 
very small. They are : sulphuric acid, which ia used 
in some forms of the Daniell battery, and in all bichro- 
mate and nitric acid batteries ; sulphate of zinc, which 
is also used in Daniell's batteries ; chloride of zinc, 
used in the Upward and tlie chloride of silver cells ; 
sal-ammoniac, which is used in the Le Clanche and 
Sulphur Sal-ammoniac cells, 

The substances used for getting rid of, neutralizing, 
or oxidizing the hydrogen gas, are :-— 

Sulphate of copper in the Daniell's battery, the 



hydrogen displacing the copper from the solution, and 
the latter being deposited. 

Bicliroraate of potash, chromic acid, and nitric acid, 
which are used sometimea separately, and sometimes in 
combination, in the bichromate, Grove's, and Bunsea's 
batteries, the hydrogen being neutralized by a rather 
complicated series of reactions taking place within the 
cell, resulting in the formation of water, chrome alum, 
and other salts. 

Chloride of silver, which is used in Dr, Delarue'a 
battery, and in which the silver ia deposited. 

Oxide of manganese, in the Le Clanche battery, the 
oxide being reduced to the sesqui-oxide, so that some 
of the oxygen previously held by it in combination 
is aet free to combine with the hydrogen gas, and form 
■water. 

Sulphur in the Author's battery, the hydrogen 
combining directly with it, in the proportion of two 
atoms of H to cue of S, and sulphuretted hydrogen 
being formed. 

Chlorine gas in the Upward, the hydrogen gas form- 
ing hydrochloric acid with it. 

In the SchanschiefF cell, a solution of a mercurial 
salt forma at once the exciting and the neutralizing 
liquid. 

Hydrogen gas, when newly liberated from com- 
bination by the action of the electric current, is in a 
very powerful state, and from its well-known strong 
aflSnity for oxygen, ia able to split up many compounds 
containing it. 
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In no battery are the chemical reactions confined 
to the simple oxidation of the zinc and the com- 
bination with the hydrogen. The compounds formed 
in each case react upon each other, both chemically 
and electrically, upon the primary compounds from 
which they were formed, and upon the conductors 
themselves. Thus the zine oxide, or zinc sulph; 
or zinc chloride, produced at the initial stage of the 
generation of the current, form, with the zine plate 
and the liquid in which both are immersed, a secondary 
galvanic battery, whose eircmt is always closed ; and 
it is therefore very important that the liquid electro- 
lyte, in addition to containing an element having a 
strong affinity for zinc, should also dissolve the com- 
pound which the zine forms, as fast as it is produced. 
Failure to perform this office introduces within the 
battery, at the generating plate, a resistance, — oi 
equivalent, an opposing E.M.F., or both, — and so 
weakens the current generated nnder given conditions, 
in accordance with Ohm's law. 

So, too, in the Le Clanche cell, the zinc chloride 
forms with the zinc and the sal-ammoniac what are 
called secondary salts, which are fortunately soluble 
in a saturated solution of sal-ammoniac, and therefore 
do no harm, so long as the hquid is saturated. 

Again, the sulphuretted hydrogen generated in the 
Author's Sulphur Sal-ammoniac battery, does not come 
away, but immediately forms with the zinc chloride 
a new set of chemical reactions, resulting in the re- 
formation of sal-ammoniac, the original exciting liquid. 
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Another important feature, therefore, in the 
of galvanic batteries is, that the exciting Uquids shall 
dissolve, or dispose of all secondary salts that are 
formed, and not allow them either to introduce a 
resistance or to generate an opposing E.M.F. 

In all galvanic batteries the outer containing vessel 
is either of glass, atoaeware, vulcanite, or prepared 
wood. The latter is very seldom used, and vulcanite 
ijiHily when a special object, such aa portability, is in 
■^iew. In most cases glass or earthenware is used. 
Ordinary jam-pot ware will not answer, as the acids 
used in some batteries soon destroy the glaze and 
attack the ware. The glass and the earthenware 
should be of the very best quality. 

Nearly all batteries in practical use have a porous 
division to separate the exciting liquid from that used 
to neutralize the hydrogen. In the cases of the Le 
Clanch^, the Upward, and the Author's battery, the 
porous division is merely a containing vessel for the 
substance surrounding the carbon plate. In one form 
of Le Clanche, the agglomerate, it has been dispensed 
■with. These porous divisions are usually made of 
fine clay. In a few forms of galvanic battery, that 
need not be dealt with here, the action of gravity is 
called into play, the heavier substance being placed 

the bottom of the jar, and the Ughter aUowed to 

;t on it. 

The porous division only retards the mixing of the 
liquids. "When it is used to separate them, it does not 
prevent their mising with time; and that is one of 
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Irhe greatest difficulties attending the use ot galvanit 
batteries where the ciirreiit is required to be main- 
tained at a constant strength, And the difficulty is 
increased in some cases by the action of the current 
itself, which always tends to carry the liquid it passesi 
through in the direction in which it is going itself. 
Thus, the liquid in the carbon cell will always rise, 
after a few hours' work, from the passage into it of a 
portion of the liquid in the zinc cell. 

Where the porous cell merely acts as a containing 
vessel, as in the Le Clanche and Sulphur cells, the' 
liquid is required to work through, as otherwise there 
would be no passage for the current. 

The porous cells that are used in batteries vary 
somewhat, according to the materials employed in the 
battery. Thus, for bichromate and nitric acid batteries, 
the porous cells are best a trifle hard — not too hard, 
or they will offer too high a resistance. 

For Le Clanche and the Author's Sulphur battery, 
a softer porous cell is better. By hard and soft porooB 
cells is meant, of course, hard-baked and soft-baked, 
the former not being so porous as the latter. The 
reason that harder cells are better for acid solutions is, ' 
they are not so readily attacked by the acids them- 
selves as the softer baked, and therefore last longer. 

In the case of the Le Clanche and Sulphur Sal-am- 
moniac batteries, the chief thing to be guarded against 
is the crystallizing out of the secondary salts before ' 
referred to, within the pores of the cells, closing them 
up and sometimes cracking the cell. If a hard-baked 
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cell is used for either of these batteries, its pores 
ten be closed right up, and what is for practical 
es an infinite resistance will be introduced into 
circuit. It must be remembered that the porous 
lay itself has a very high resistance ; so that the con- 
duetiog path, for practical purposes, is by way of the 
liquid in the pores ; and if these are closed by a solid 
wdy, such as a crystalline salt, there ia no appreciable 
passage for the current at all, 

Tlie einc used in all galvanic batteries must be the 
purest obtainable ; and it is also wise to cover it with 
a film of mercury, by a process known as amalgamat- 
iog, because an amalgamated zinc lasts usually much 
longer without attention than one not amalgamated. 

On no account must any foreign metal, other than 
mercury, be present ; since it forms, with the zinc and 
tile Hquid in which the plate ia immersed, a small 
galvanic battery whose circuit is always closed, as 
with the oxide already referred to, but of far more 
importance, and will immediately proceed to eat a 
. iiole in the zinc. 

Cast zinc, unless cast from the purest refined zinc, 
and with great care to avoid the entrance of such 
impurities, always contains these foreign bodies. 
Further, as is well known, it is exceedingly difficult 
to cast zinc perfectly homogeneous, and without dif- 
ferent physical formations in different parts. Thus, if 
one portion be harder than another, galvanic action 
will take place between them. If there be any pro- 
tuberances on the casting, they will give rise to gal- 
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vanic action, between them and tlie main body oi tlie 
zinc. 

The amalgamation of the zincs is of far more im- 
portance in acid batteries than in the Le Clanche and 
Sulphur Sal-ammoniac batteries, as the action of the acid 
upon the zinc is stronger. In fact, though the process 
of amalgamation, properly carried out, would appear to 
take the mercury right into the sub- 
stance of the metal, the acid follows 
it ; and, after doing more or less work, 
according to circumstances, the zinc 
loses that bright appearance which 
the mercury gave it, and will be- 
have just as if it had never been 
amalgamated, except that it will 
have become very brittle. In acid 
batteries, therefore, which are used 
for telephone, telegraph, and signal 
work, the zincs are now usually cast 
in the form shown in Fig. 18, which 
was first introduced by Mr. J. S. 
Fuller. The truncated cone stands 
in mercury, within the porous cell, 
and keeps itself amalgamated by capillary attraction, 
the mercury continually creeping up its surface. This 
will not, however, protect it from what is known as 
local action, viz., the galvanic action generated by the 
presence of foreign bodies or different physical con- 
dition, 
Zinos, &8 they are termed, for Le Clanche and the 
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Sulphur cells, are generally made from rod drawn spe- 
cially for the purpose. They are cut to the required 
length, drilled or slotted at one end, ^ strong copper wire 
soldered in, the zinc amalgamated and the top blacked, 
fiods of diflerent thickness and length are used for the 
different sized cells. By some makers the copper wires 
attached to the zincs are covered with tape [ but 
though this partially protects them from the action of 
ral-ammoniac spilt over them, it is only 
1 partial protection, as the covering soon ^^ 

fots, and the wire is exposed as before ; 
moreover, the sal-ammoniac may creep 
Under the covering and eat the wire in 
two unseen. The Author prefers to have 
a wire sufficiently stout not to be qiiickly 
eaten through ; and he finds that there 
is rarely any trouble from this cause, as 
tile men in charge of the batteries soon 
Iflam to look out for the green chloride 
of copper which is formed, aud to scrape j.. jg^ 
it off, to wipe their connections over 
after doing a battery up, and to be careful not to spill 
the acid or sal-ammoniac liquor. 

The connections to the collecting plates are of con- 
siderable importance, and in some cases of some diffi- 
culty. 

In the case of the copper plates used in Daniell'a 
battery, there ia not much difficulty. In the trough 
form of Danieil's battery, the copper and zinc plates are 
made about the same size, the former having a tongue 




Fig. 20. 
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left on of sufficient length to cast into the zinc, i 
shown in Fig. 20, and to leave a strap to hang over the ' 
division between the cells, 

In other forms of Daniell's bat- 
tery, a strap is left on the copper 
plate and either clamped to the 
zinc or a hole punched in the 
copper strap to receive a terminal 
screw in . the head of the zinc. 
With platinum plates, as the metal 
itself is too expensive to allow of much in the way of 
straps, the platinum plate is usually clamped to the 
zinc, the latter being bent for the purpose. 

Connections to carbon plates are the most difficult, 
carbon itself being brittle and not easily worked, and 
being also porous, so that unless precautions are taken 
to prevent it, the liquid in which the carbon is im- 
mersed, or some of the salts which are 
i formed in the battery, will creep up and 
destroy the connection at the top. 
There are two methods employed to 
obtain a connection to the carbon plate 
of a galvanic cell ; one is, to cast a lead 
cap on the top of the carbon and a brass 
terminal screw in the lead cap for the 
attachment of the connecting wire {Fig. 
21). The other is, to provide a brass 
^' ■ clamp (Fig. 21a). In the early days of 

the Le Clanehe battery, considerable trouble waa ex- 
perienced with cells breaking down for no apparent 
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The cause was traced eventually to a formation 
of carbonate of lead between the carbon plate and its 
lead cap, owing to the liquid having crept up the car- 
bon, as before explained, assisted by the endosmosic 
action of the current itself— that peculiar phenome- 
non which carries the liquid in the direc- 
tion in which it is going. AiTived at the tL 
junction of the carbon with the lead, two fc-^ 
electro- chemical actions evidently took 
place : first, there was the lead-carbon 
battery with the hquid between, form- 
ing, as with the zinc and its oxide, a 
battery with a closed circuit ; hut there 
was also the action of the current itself 
passing from carbon to lead, whenever 
the battery was at work. It is hardly 
necessary to follow the reactions which 
took place. The result was, tbat a white 
substance, having a very high resistance 
in proportion to the rest of the circuit 
and stated by chemists to be carbonate 
of lead, gradually spread itself over the 
entire connecting surface of the carbon- 
lead joint, and for practical purposes 
broke the circuit ; that is to say, the 
introduction of this highly resisting 
powder, directly in the path of the current, reduced 
its strength so much,— in accordance with Ohm's law, 
— that the apparatus ceased to work when connection 



Fig. 21a. 
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The difficnlty has now been overcome by the simple 
plan <^ filling the pores of the top of the carbon, 
where the connection ia made, with paraffin wax. 
Where that has been done, according to the Author's 
experience, ihe tronble has completely disappeared. 
It is an open question whether lead caps with brass 
terminals cast in, or removable brass clamps are best. 
For many years, the Author invariably used the latter, 
as they have the advantage that they can be easily 
removed and cleaned, and that they will answer for 
successive cells. The objections to them are, that they 
are more expensive than the lead caps ; that they re- 
quire a stouter carbon plate than the former— otherwise 
a workman is apt to break the plate in screwing the 
clamp on — increasing the cost and decreasing the space 
available for the oxidizing agent in a cell of a given 
size ; and further, that in some eases, though they 
couJd be got at for cleaning q\iite easily, they were 
apt to require more cleaning than the brass tej-miuals 
on top of the lead caps. Owing to this combination 
of circumstances, the brass clamp has fallen out of use 
for the present, except where large carbon plates are 
used, such as those in batteries for electric lighting. 

The carbon plates themselves have also undergone 
great changes, under tte pressure of competition. 
Years ago, only plates cut from gas-retort carbon were 
used, and tbey were undoubtedly superior to the 
manufactured carbons ; but the cost of cutting the 
carbon from the irregular mass in which it is de- 
posited in the gas retorts, the price demanded by 



gas companies for a material they wei-e in those 
days only too glad to get rid of, combined with the 
improvement in the manufacture of the rival plates, 
have entirely changed the conditions, and one now 
tarely meets with a gas carbon plate in practical work. 

One great fault that the manufactured carbons had, 
which has since been overcome by the best makers, 
was, the hard scale which was formed on the surface of 
the plate in baking, which offered a very high resist- 
aoce to the passage of the current. 

Though carbon is acted on less by the exciting and 
oxidizing liquids, and the salts that are formed in the 
Working of the battery, than any other substance 
*icept platinum, it is a mistake to suppose that it 
^apes entirely. 

Being porous, for instance, the secondary salts, before 
''eferred to, often crystallize out within its pores ; and, 
as seen in the case of the carbon and lead, some action 
■Day take place and in fact usually does, as an old 
carbon plate can rarely be used for a cell a second 
*inie, if it has done much work in the first. Moreover, 
i^rbon, like every other known body, is soluble by the 
current. 

Chromic acid, also, and some mixtures containing 
nitric acid, act very powerfully upon carbon plates ; ao 
ranch so, that a cell in which chromic acid is used 
largely will not maintain a constant current, owing to 
the fact that the electrical resistance of the carbon 
plate rises very much from the action of the chromic 
acid upon it. 
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The batteriea ia practical use for telephone, tele- 
graph and signal work, are the Daniell's, now almost; 
obsolete, the Mercury-bichromate, the Le Clanch^, and' 
the Author's Sulphur Sal-ammoniac. 

The Eaniell is made in two forms, the trough (shown 
in Fig. 22), which is still much used for railway signals 
and telegraphs ; and the jar form, as follows : — 

An outer containing jar, a porous cell, a copper' 




Fig. 23. Trougli, DanioH's battery. 

cylinder, either surrounding the porous cell or inside 
it, and having a strap on a convenient part, as already 
described, to connect to the next cell, and an amal- 
gamated zinc cyUnder which takes the place left vacant 
by the copper cyUnder. If the copper is inside th$ 
porous, the zinc is outside, and vice versa. With the 
copper cylinder is a solution of sulphate of copper^ 
spare crj^stah being placed in any convenient manner 



so that they can drop down into the cell as required 
and maintain the solution at proper strength, during 
the working of the battery. 

The zinc cell is usually charged with water, or a 
little weak sulphuric acid, and allowed to form itself 
into sulphate of zinc. The hattery does not reach its 
full strength until a large percentage of zinc sulphate 
ia formed. Battery men usually take some of the 
^c hquor from old cells, to get up a newly-charged 
battery, but they do not use sulphuric acid, as the 
cattery does not behave so well if they do, the action 
of the acid upon the zinc being too energetic, 

Wkere the Daniell ia used for large currents, of course 
wlphate of zinc would be used for the exciting liquid, 
or even dilute sulphuric acid. 

The Danieil's battery, though it was justly hailed as 
M enormous advance on previous batteries, inasmuch 
^ it enabled a continuous current to be maintained for 
"ie first time, has long since been superseded for most 
of the work for which it was formerly used, and for 
'"6 following reasons : — 

Local action, as it is termed, that is to say, the inter- 
sctioc that goes on within the cell, irrespective of the 
•torrent passing, is always very strong in Danieil's 
battery. 

A3 already explained, the porous division only 
separates the two liquids at first ; gradually the sul- 
pliate of copper finds its way into the zinc portion of 
the cell, and the zinc is immediately attacked by it; 
Wnc, as is well known, being always able to ^s^V'acei 
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copper from any solution in which it may be present. | 
So we have a deposit of copper upon the ziuo plate,, I 
for min g oncB more the local cell with its circnitJ 
always closed, and its attendant troubles. 

Copper is also often found within the pores of the 
porous cellitself; holes are eaten in the copperplate, 
and a greenish-grey compound, partly composed of 
sulphate of zinc and partly of sulphate of copper, works 
up all over the connecting straps, the sides of the cell, 
and forms other local circuits. 

The net result of all this is, that the battery requires 
an enormous amount of attention compared to other 
forms, and it has therefore been gradually pushed out 
by cleaner and less troublesome cells. Added to the 
above, are the facts that the cell has an E.M.F. of only 
one Volt, where the other forms in use have one and a 
half, and that it is more expensive to work, irrespective 
of attendance. 

The Mercury-bichromate cell consists of an earthen- 
ware or glass jar, more frequently the former, con- 
taining within it a porous cell. 

Inside the porous cell, standing in mercury, a smdl 
quantity being poured into the cell for the purpose, is 
the zinc, of the form shown in Fig. IS, page 74, having 
a stout copper wire, about No. 12 gauge cast in the 
top of the zinc and an eye formed in the other end of 
the copper wire, to slip over the terminal screw of the 
carbon plate of the next cell. 

In the outer jar stands the lead -capped carbon 
already described, resting usually against the side of 
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I the jar and supported partly by the zinc wire of tlie 
next cell. In the same portion of the cell is the bi- 
chromate mixture, which consista usually of bichro- 
mate of potash with a certain proportion of sulphuric 
n acid and water. The inner cell ia generally charged 
■ "mth plain water, the acid and bichromate from the 
" outer cell percolating through to the zinc as mentioned. 
The cell, when first charged, furnishes very little 
current, its internal resistance being so high, in con- 
sequence of the plain water in the inner cell. As this 
becomes acidulated by the percolation from the outer 
solution, the resistance of the whole cell gradually falls, 
and the proper current is furnished. 
' Some makers of bichromate batteries send out two 
I Muds of powdered chemicals, a red powder for the 
outer solution and a grey powder for the inner one ; 
the former is merely some special bichromate com- 
pound and the latter a salt of zinc. 

"When first charged, the solution in the outer cell of 
a Mercury-bichromate cell is of a deep orange colour ; 
and when the battery is famishing its proper current, 
that in the inner cell is the same, but apparently a 
thinner and weaker solution. As the cell continues to 
work, the solution in the inner cell becomes of a deeper 
and deeper colour ; then the colour in both becomes a 
lighter orange, then green, and finally blue, when the 
solution is quite exhausted. 

So long as the solution is of an orange colour, the 
cell will furnish a strong current for the work it has 
to do ; provided the other parts of the cell are in order. 
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When it becomes green, the current is much weakened, 
both on account of the increased interna! resistance of 
the cell, and of the decreased E.M.F,, the secondary 
salts before referred to having begun to form, and to 
modify the resultant B.M.F. of the coll. 

When the solution is blue, it may be taken that all 
or nearly all the oxidizing material is used up, and that 
the hquid in which the zinc stands is heavily charged 
with these secondary salts, such as chrome-alum. If 
the action of the cell be allowed to go on, dark blue 
crystals of chrome-alum will be found closely adhering 
to the carbon plate and zinc rod, and to the porous cell. 

The cell is charged only with plain water, instead of 
acid, or with a sulphate or chloride of zinc, in order 
to reduce the action upon the surface of the zinc, and 
30 preserve the clean amalgamated surface. If the 
action upon the zinc be allowed to be too energetic, the 
capillary action of the mercury will not be abl< 
keep it amalgamated, and oxide will form, often also 
followed by a yellow deposit of some of the bichro- 
mate salts, with their attendant troubles. 

The zinc rod in a bichromate cell, or, in fact, 
any cell using acid, should be clean and bright, other- 
wise a deposit forms upon the zinc, and the strength of 
the current falls. 

A zinc which pits, or forms irregular circuits 
itself, owing to bad easting or impure metal, should be 
replaced, as it will be sure to give trouble. 

The current furnished by a bichromate battery will 
occasionally fall, owing to a want of acid in the solu- 
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tion. It lias already been explained, that plain water 
has about ten times the resistance for the same dimen- 
sions, as sulphuric acid ; and the resistance of any 
solntion in which acid is employed may be varied 
within very large limits by altering the proportion of 
the acid present. Thus, should there have been 
present any impurity with the bichromate, which has 
combined with a portion of the acid and withdrawn it 
from solution, the resistance of the cell would rise, and 
the current passing out would be weaker. 

The only method of testing this, iinfortunately, in 
the absence of an acidometer, is by the tongue. Every 
battery man knows when he has sufficient acid in his 
battery by the taste ; but it is by no means an agree- 
able process. 

The porous cell also, as mentioned above, may be- 
come hard ; that is, its pores may be closed up, and 
will add a very large resistance to the circuit. Another 
troublesome fault in the porous cells of bichromate 
batteries is, the bichromate salts creep up the porous 
cell and form a crust outside the liquid at the top, 
sometimes even forming a circuit o± high resistance 
between the zinc and carbon ; but it being one that is 
always closed, forma a serious drain upon the cell. 
This difficulty is overcome by filling the pores of the 
cell with paraffin was for about half an inch from the 
top. 

The same thing may be done with the bottom of the 

"oas cell, to prevent the zinc rod from being stuck to 

t bj the crystals which form. 
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Chromic acid has been used in these cells in place of. I 
bichromate of potash and aiilpliuric acid ; but it iSl 
doubtful if much is gained, as it so quickly att&ckM 
the carbon plates, I 

The mercury-bicliroinate cell ia not so much em- I 
ployed as the Le Clanche, though niany people prefer \ 
them, and a great number are in use. The reasons ] 
are, first, the cell is not so simple as the Le Clanche in ■ 
maintenance. There is not the ease and certainty of 
finding your fault, and you need to have so many 
things handy. 

Secondly, there is more wasteful action going on, or, 
as it is tenned, local action ; chemical reactions that 
do no good, and that waste material. 

Thirdly, perhaps the greatest objection of all is the 
use of sulphuric acid. It is well known that sulphuric 
acid will attack all fabrics except those made wholly of 
wool, and will bum holes in them, leaving a nasty red 
stain till the hole is complete. Further, it will bum 
wood, cork, or the human ilesh ; all the above being 
due to its remarkable power of absorbing water, so that 
it ia not nice to handle, especially where men may 
have cuts or abrasions on their hands. The battery is 
quite out of place for domestic electric bells, for in- 
stance, owing to this faiUng. 

The Le Clanche battery is the one that has done most 
to forward the introduction of electric bells, mine sig- 
nals, and other apparatus where the battery is or may 
be in unskilled hands, and where the minimum of 
attention is before all things the great desideratum. 
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It has, like the others, an outer jar of glass or 
earthenware. The favours are fairly divided in this 
case, each make having its advantage. The glass 
jars are made square, with a place for the zinc rod, as 
shown in Fig. 23. They are lighter, and they have this 
great advantage, that a battery man who will take the 




Fig. 23.— Lb OhanchJ Cell, with glass jar and lesd-cappod cacbon. 

trouble can economize very considerably in sal-ammo- 
niac, as, if his batteries are in the light, the cloudy 
Btate of his liquid will show him when to add more 
sal-ammoniac or to change his hquor. 

On the other hand, the comers of the glass jaira are 
very apt to get broken, so that a battery not un&e- 
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quently fails, owing to the exciting liquid having all 
run out of one jar. Moreover, they rather easily get 
broken in caxriage and in handling, and they lend 
themselves very readily to the creeping action that 
will be described presently. 

Earthenware jars are heavier and take up mi 
room, but they do not break so easily ; and cracked ji 

are not often found, after the. 
cells are at work, if the jars be 
of the best makers. There are 
now several makers of battery, 
jars, who make them from a good 
vitreous clay, and put a glaze on 
them which will resist all acids. 
Figs. 23 and 24 show Le Clanche 
cells complete, with glass and 
earthenware jara. 

Standing in the outer contain- 
ing jar is the filled porous cell, 
containing the carbon plate and 
the oxide of manganese that is 
to neutralize the hydrogen. The 
capped or clamped carbon plate 
is held centrally in the cell, and the space filled round 
with a mixture of granulated carbon and manganese 
dioxide. The former is the gas retort carbon crushed 
to the size of a pea or small bean, and the latter is 
the manganese ore, the richest obtainable, which is 
crushed to the same size. The mouth of the filled cell 
is closed with pitch, a glass tube being left in the top, 




Fig 24— LeClanohfiCeH, 
with earthenware jaiand 
clumped carbon. 
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jrojecting down into tlie mixture, to allow of the 
escape of the ammonia gas wkicli is formed, and of 
tlie hydrogen gas, when it has not time to be neutral- 
ized. 

The proper proportion of manganese to carbon, and 
the quality of both substances, have a most important 
effect upon the working of the cell. Carbon, it will bo 
remembered, is a moderate conductor, oxide of man- 
ia a very much worse conductor than carbon, 
B all alloys or compounds are worse than the elements 
Bin which they are formed. Therefore, if a large pro- 
lortion of manganese be used, the internal resistance 
^of the cell is increased, though the staying power of the 
cell ahonld also be increased, and vice versd. Further, 
manganese of the best quality, that is, yielding upon 
analysis the highest percentage of pure oxide, ia more 
expensive than either carbon or manganese ore that 
does not yield so high a percentage ; consequently it is 
quite possible to make a cell of a given size that shall 
be apparently equal to another of the same size, and 
yet not do its work so well or for so long, by the simple 
process of using either inferior manganese or an undue 
proportion of carbon. It is obvious, of course, that 
such cells could be made and sold for less than those 
in which a proper proportion of high quality man- 
ganese WBS employed. The cell, having an undue 
proportion of carbon, would even test better when first 
charged, as its resistance would be lesa than that of the 
other. 
In the outer jar is placed a certain t\ua\"vtvi'Y ci\ %'^- 
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ammoniac, crushed either to fine powder or to aboufc ] 
the size of a pea, — the latter preferably, — and the jar is ' 
filled to about one-third from the top with the purest 
water obtainable. Condensed steam water is 
best, if to be had ; failing that, soft water, not hard spring 
water, should be uaed ; and the reason is the same as 
that given for purity in other components of batteries, 
viz., hard water contains other salts, such as iime and 
sometimes magnesium, in solution ; and, therefore, if 
this water be used, these salts will hike their part in. 
the electro-chemical reactions that go on within, the 
cell, giving rise to E.M.F.s and possibly adding re- 
sistance, so that the battery cannot be made to do its 
fuE work. Salts of hme are very apt to fill up the 
pores of the porous cell, and cause trouble in the man- 
ner already described. 

For the same reason the sal-ammoniac used should 
be pure, and care should be taken that the machine 
used in crushing it does not introduce any impurity. 
Ordinary commercial sal-ammoniac often contains large 
percentages of the salts of other metals, wliieh act very 
prejudicially upon the life and work of the battery. 
In particular, the Author has known of cases where the 
porous cells had repeatedly given way, scaling and 
breaking up after being in use only a very short time, 
and apparently for no reason ; the cause having been 
traced eventually to either impure sal-ammoniac or to 
hard water, containing metallic salts in solution. 

Standing in the sal-ammoniac solution is the wired 
amalgamated zinc rod which has been mentioned. 



The full action of the battery is as follows : — Zinc 
combines with the chlorine gas and the oxygen gas 
in the sal-ammoniac solution, forming zinc oxide and 
zinc chloride, and ammonia gas and hydrogen gas are 
set free at the carbon plate. The hydrogen gas reduces 
the manganese dioxide to seaqnioxide, forming with 
the oxygen, of which it deprives the manganese 
dioxide, pure water. The zinc chloride, zinc oxide, and 
ammonia gas form further combinations with each 
other, as zinc-ammonic chloride, oxy-ammonic chloride, 
and others, which are soluble in a saturated solution 
of sal-ammoniac. 

"When a battery is first charged, if the filled porous 
cell be placed dry in the sal-ammoniac liquor, no cur- 
rent will be furnished, or practically none, there being 
no connection between the liquid and the carbon plate. 
As the liquid percolates through the pores of the 
diaphragm, the resistance gradually falls, just as with 
the bichromate ; but the reason is, that the solution 
of sal-ammoniac forms the conducting path not only 
to the carbon plate, but to every particle of the loose 
agglomeration surrounding it, the mixture itself offer- 
ing a very high resistance indeed. To get a cell up 
quickly, battery men frequently pour some of the sal- 
ammoniac hquor into the porous cell, so as to wet 
the carbon and manganese mixture with it as much 
as possible ; but even then the cell will not reach its 
ibll strength, or, to speak more correctly, the resist- 
B of the cell will not fall to its proper limit, until 

S battery has been working some time and the elec- 
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trie current itself has carried the liquid to everj 
particle, A good plan, if time permits, of getting t 
battery up, is to allow a weak current to pass througj 
it for some hours by connecting its terminals to somi 
resistance, snob as the high resistance circuit of j 
detector galvanometer such as will presently be dA 
scribed. 

The mistake must not be made, of pouring plain 
water into the inner cell, or " Inside," as it is termed ; 
if it is required to get up quickly ; for the same reason 
as in the mercury- bichromate and the Daniell's bat 
teries when theii- zinc cells are only charged witn 
water, they will offer such a very high resistance. 

After the Le Clanche cell has been working for some 
little time, the liquid in the outer ceU will have fallen, 
owing to the portion that has passed into the inner 
one, and may be filled up again, keeping it about two- 
thirds fuU. As the cell works, the zinc rod becomes 
coated with a thin powdery coating of some grey sub- 
stance, probably the chloride of zinc, but apparently 
it does not seriously affect the working of the battery 
in this case, provided the zinc is pure and well amalga- 
mated ; but if any impurities be present, it helps to eat 
holes and to form all the troubles known as local action. 

One caution should be given here, with reference to 
the quantity of sal-ammoniac to be placed in the cell. 
Some of the text-books give directions, that only a 
half-saturated solution should be used. It has already 
been pointed out more than once, that the secondary 
salts formed in the battery are soluble in a saturated 



aolation, therefore it seems obvioua tliat a saturated 
solution sliould be used, and that meana should be 
taken to maintain it in a state of saturation, notwith- 
standing the demands made upon it by the working 
of the battery. The simplest method of accomplialiiDg 
Itia is to leave some aal-ammoniac in the bottom of the 
cell, and to allow the liquor to take it up as it wants it, 
and aa it will do if allowed ; and this is what is usually 
done in practical work. 

Where glass jars are used, in the light, a battery 
tian may save some sat-ammoniao, aa already ex- 
plained, by removiiig the spent hquor when it becomes 
cloudy, and recharging. 

The connection to the zinc rod is a very important 
feature in all batteries. If it is made too small, it is 
*pt to break off, or get eaten in two ; if too large, it 
».dd3 unnecessarily to the expense of the cell, and is 
stiff and awkward to handle, wasting men's time. In 
tiia early days of the Le Olanche battery, galvanized 
i™i wires were used, which invariably rusted in two 
*t the point where the wire entered the zinc, or rusted 
nearly in two and then broke off. They were also 
very stiff to handle. 

In the author's experience a No. 15 <jr No. 16 copper 
wire annealed answers best for all sizes of Le Clanche 



One of the greatest failings the Le Clanche battery 
lias, is the formation of a crust of sal-ammoniac on 
the outside of the jar, reaching in time to the bottom. 
Wkenever the battery is placed in a waicm. siVM.a.\KE)\s., 
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the liquor apparently evaporates aud then deposits on 
the cold surface of the jar, but leaves a fine capillary 
space between the jar and the ■white crust ; and as, 
when the crust reaches the ground or bottom of the 
battery box, the outside and inside portions respectively 
form the long and short legs of a siphon, the result is 
that the cell gi'adually empties itself of its solution, 
which is poured out on the ground ; and hence two 
serious evils arise. First, when any cell is empty of 
solution, it breaks the circuit just as if a wire had 
broken, so that the apparatus it actuates will not work, 
and its action gets weaker and weaker some time he- 
fore this happens ; and secondly, the liquid on the floor 
or bottom of the battery box, the liquid and crust on 
the outside of the jar, and the zinc and carbon standing 
in the cells on each side,^zinc in one cell and carbon 
in another, connected by the zinc wire above,— form a 
galvanic cell whose circuit, though of high resistance, 
is always closed. Therefore it ia important that Le 
Clanche and other batteries should be placed in a cool 
situation ; and if this, as sometimes happens, is not 
practicable, this white crnst should be scraped off as 
fast as it forms, and the jars kept fiUed up. Partial 
rehef is found in greasing the top of the jar ; and 
Mr. Gent, of Leicester, has recently patented a jar of the 
form shown in Fig. 25, the channel on the top being 
filled with paraffin wax. The author is not aware how 
far this has been successful. 

The great features in favour of the Le Clanche are, 
its extreme simphcity compared with that of other 
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batteries, its cleaDliness, the absence of any very 
troublesome material, such as sulphuric acid, the com- 
parative absence of local action, the small q^uantity of 
Materials used, and the small attendance necessary. 

Its failing is, besides that already mentioned, it will 
not stand hard continuous work so well as other forms, 
notably the mercury-bichromate, though it will ap- 
proacli them to a very large 
Extent if it be made large 
enough. It will easily be 
Mderstood that the staying 
power of the Le Clanche 
depends upon two things, 
the neutralizing of the hy- 
drogen gas and the solution 
of the secondary salts. 

The evolution of the hy- 
drogen and the formation of 
tlie primary salts will be 
strictly in proportion to the 
cm^rent passiug ; each Am- 
pere, or fraction of an Am- 
pere, delivering its equiva- 
lent of hydrogen, ammonia, 
zinc chloride, etc., each seconi 
if the hydrogen cannot find oxygen at the same rate 
as it is itself evolved, it must be delivered free and 
set up its opposing E.M.F, Further, if the ammonia, 
zinc chloride, and zinc oxide cannot combine, and their 
resultants be dissolved as fast as they are formed, they 




Fig. 35. — Gent's arTangement 
of Le Clanck4 cell, preventing 
the furmation of white crast. 

. Then it follows, that 
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set up opposing E.M.F.s and resistance at the surface 
of the zinc rod; the joint result being, that the batterj* 
breaks down, fails to give a current, unless time b^ 
allowed to recover itself; and it follows further, that it 
the total quantity of current passing has been such as 
to develop more hydrogen, ammonia, etc., than thft 
quantities of the other materials in the cell can dispose' 
of, the cell is worked out and requires renewing with 
fresh sal-ammoniac and a fresh " inside " (filled porotw 
cell). It will be obvious that, within certain hmits the 
solution of the above difficulty is merely a matter o 
size and quantity; given a certain current for a certain 
time, and a certain quantity of manganese and of sal*" 
ammoniac can deal with it ; further, the rate of 
delivery of current that can be taken from the Le 
Glanche is also a matter of time and quantity. Thus 
a certain current delivers a certain quantity of hydro- 
gen, etc., per second. A certain surface and body ot 
manganese and a certain quantity of sal ammoniac 
liquor are necessary to deal with these bodies at thtf 
same rate as they ai-e delivered. 

In practice this resolves itself into the axiom : Make 
your cells as large as you can in proportion to the 
current passing ; and as you do not often know what 
that is, make the cells as large as you can. Thus tha 
Le Clanche cells are made in three sizes, pints, quarts, 
and five pints or half gallons. In the early days I 
the battery everybody used pints; and, except in 
special cases, where the current was small and such 
as the small cell could deal with, everybody had 
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Bcljle, and many were inclined to condemn the cell, 
r, we got to the No, 2, or quart size, which answered 
very well for a great many purposes, but was costly 
wWb there was any leakage, the inside cells requiring 
to be replaced very frequently. Now, many of us use 
the largest size, because we find that it is cheaper for 
all kinds of work, even for that for which the small 
si2e would answer, because the larger ones go so much 
longer without attendance ; and for all cases where 
leakage is present, the gain is enormous. 

On the other hand, an eminent telegraph engineer — 
tiiB superiiLtendent of one of the large railways^told 
l^lie Author he thought of adopting the small-sized cell; 
I'Ut ho was designing beautifully delicate apparatus, 
that would work with very weak currents indeed, in 
wder to enable him to do so ; and further, he had his 
trsiuec! staff of battery men constantly looking after 
them. 

The striking contrast in the small attendance re- 
quired to the Le Clanche, as compared with others, 
will be gathered from the following. The Daniell's 
hattery, under the best conditions, always reqiih-es 
looking at every month or six weeks ; the mercury- 
Wohromate fi^om three to six months, the latter being 
fixeeptionally good work; and both of these batteries 
will require attention at their time and often before 
it, if they are doing no work. The Le Clanche will 
go. under unfavourable circumstances, from one to two 
years, and often longer, without even looking at, if the 
size of the cell be in proportion to the work it has to 
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do, except where it is placed in a hot situation. Tltf 
cells which work the bells in the author's house, which" 
get a great deal of work, as there are bells fron. every- 
where to everywhere, have been in use nearly six 
years, and have only had very little attention during 
the whole period ; they are half-gallon cells, 

The matter of the use of materials was also strikingly 
illustrated by the Author's own experience in the early 
days of mine signalling. As the signals were not much 
in favour, he was obliged to contract at a low figure 
to keep them going; and to save money and gain 
experience he became his own battery man, with the 
result that, although the batteries received the hardest 
work that any battery was ever subject to, and he had 
to go a moderately long railway journey to the collieries, 
he succeeded in making the contracts pay, because the 
material used was literally almost nil. All that was 
required was care and attention. 

A form of the Le Clanche battery, which has been a 
good deal used, but is not in the writer's opinion so 
good all round as the porous cell form which has been 
described, is what is known as the agglomerate. The 
mixture of oxide of manganese and carhon, instead of 
being filled loosely into a porous cell, is crushed to a 
fine powder, and formed into small blocks or briquettes, 
under hydraulic pressure, some glutinous substance 
being added to give cohesion. The carbon plate is 
placed between two of these blocks, the three being 
held together by two Indiarubber bands. Fig. 2t) 
shows this form. It is evident that, since the porous 
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rith., the resistance of tbia arrange- 
Beut must be less tbau that of the porous cell form ; 
d in practice tbe results are very good at first, but it 
is found that tbe agglomerate form requires very mucb 
' More attention than the poroua cell form. The former 
will do harder work for a time ; hut whether worked 
liardor not, tbe blocks apparetitly soon become coated 
*^th a white crust of tbo 
coudary salts, and the resist- 
Oee of the battery is thereby 
> much increased that it is 
clean this off 
H^odically, and in fact some- 
what frequently. The agglo- 
niWate cell will apparently do 
ft lot of hard work before it 
squires renewing, provided 
s white crust be got rid of 
^oi time to time. In some 
, the zinc has been en- 
osed in a small porous cell, 
*luGh of course robs the bat- ^>B- 26.— A^lomerate 
tfiw,. n r -1 i. J Lb Qanchfi, inside. 

™ry 01 one or its great ad- 
vantages ; but the general consensus of opinion of 
jractical men is, that the porous cell form is best, 
Eause cheapest both in first coat and in attendance. 

The Sdlphue Sal-ammoniac Batteut 

is similar in appearance and in nearly every detaU to 

the Le Clancbe. There are the same glass or earthen- 
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ware jar, preferably the latter ; the same porous celljl 
with its clamped or capped carbon plate ; the samB-j 
amalgamated zinc rod, with its copper wire soldered 
the top, standing in a aulution of sal-ammoniac ; bui 
the contents of the porous cell surrounding the carbos. 
plate consist of a mixture of granulated carbon as be* 
, fore, the place of the oxide of manganese being taken 
by granulated sulphur of about the same size as the. 
manganese. 

The purest sulphur only must be used, impurities in 
this having the same effect upon the working of the_ 
cell as impurities in the oxide of manganese or sai^ 
ammoniac would on the working of the Le Clanchfi^, 
viz., it would give rise to secondary reactions, th&i, 
would create resistance and opposing E.M.F.s. 

Less sulphur may be used than -manganese in a cel^ 
of a given size, for the same work, since the whole (rf 
the sulphur is available for combination, while only tt 
portion of the oxide of manganese is available, that 
portion which constitutes the difference in oxygen: 
between the dioxide and the sesquioxide. It follows,, 
therefore, that the internal resistance of the cell ia^ 
less than that of the Le Clanch^ of the same size, 
owing to the larger proportion of carbon used, while, 
its E.M.r, is practically the same ; that is to say, ita 
E.M.F. when no current is passing. And as E.M.F. 
at the terminals of the cell is equal to the total E.M.F. 
created by the reactions of the cell {less the charge 
made upon it in accordance with the formula E = CIt), 
it follows that the working E.M.F. of the sulphur-sal- 
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ammoniac cell should be a trifle higher than that of the 
Clanche. Further, sulphur being cheaper than 
ore, the cell costs rather less to make. 

The action of the sulphur cell is as follows : The zinc 
combines with the chlorine of the sal-ammoniac, and 
with the oxygen of the water as before, ammonia gas 
and hydrogen gas being liberated within the porous 
cell. The hydrogen there forms with the sulphur, 
sulphuretted hydrogen, two atoms of hydrogen com- 
bining with one atom of sulphur ; but the action does 
Dot stop there. As soon as the cell is fairly up to its 
Btrength, zinc chloride is present within the porous 
cell, fts well as the sal-ammoniac solution and the sul- 
phuretted hydrogen. Hydrogen sulphide immediately 
forms with it zinc sulphide and hydrochloric acid, the 
latter again combining with the ammonia gas to form 
**1 ■ammoniac, the original solution, 

The zinc sulphide apparently falls to the bottom of 
toe cell as a white powder, and does not take any further 
part in the reactions. 

One peculiarity of the sulphur cell is, that it takes 
'"Iger to get up to its full working strength than the 
I'B Clanch^, this being no doubt due to the necessity 
^i^r the presence of zinc chloride within the porous cell. 

Another resiilt, however, that usually accompanies 
this is, the cell appears to stand hard work better also. 
According to the author's experience, the cell will 
stand what is known as a dead short circuit, or, to put 
it more properly, a comparatively large current f 
through it, longer than the Le Clanche. All that 1 
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been said of the Le Clanche, with reference to cleanli- 
ness, simplicity, convenience, and absence of local action, I 
or waste of material when not in use, is eijnally tmft I 
of this cell. . 

If a current of greater strength than the size o£b 
the cell warrants is allowed to pass for any time, T 
somewhat similar results happen to those that occur \ 
with the Le Clanche. The hydrogen gas does not 
cease combining with the sulphur, no matter what 
current strength may pass ; but the hydrogen sulphide 
does not then enter so readily into its secondary com- 
binations, forming instead within the porous cell, and 
after a time coming away freely. The presence of this 
hydrogen sulphide undoubtedly reduces the strength 
of the current passing, by introducing both resistance 
and an opposing E.M.F. ; but the E.M.F. generated 
by the hydrogen- sulphide- carbon galvanic couple in 
sal-ammoniac, is by no means so powerful as that of 
the hydrogen-carbon couple, and therefore the effect 
upon the strength of the current is not so serious. 
Moreover, unless the large current pass for a consider- 
able time — that is to say, unless the supply of active 
sulphur is pretty well all used up, the battery is not 
usually in the exhausted state the Le Clanche is after 
a similar ordeal. 

In other words, though the Sulphur Sal-ammoniae 
battery is not able, any more than the Le Clanche, to 
stand the passage of more than the fractional part of an 
Ampere for any of the regular sizes made, it will appa- 
rentiy stand a temporary accidental heavy drain for 
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longer ; and it moreover has the valuable property of 
giving warning, by the emiaaion of the disagreeable 
odour attending hydrogen-sulphide, that of rotten eggs, 
■when the proper working current is being exceeded. It 
should be noted, however, that for some work — such as 
where accidental short circuits are frequent, and the 
battery is placed in a Uving room — the sulphur cell 
would be inadmissible on account of the unpleasant 
smell. 

Such cases should fortunately be rare ; and the 
Author hopes, therefore, that his battery may have an 
extended use in the future. In his own work, which 
consists principaUy of mining signals— the hardest 
work, he believes, that any battery is subject to — it 
has, so far, answered admirably. 

The whole of the above cells are used only for either 
very small currents or for apparatus using intermittent 
currents. They will not stand the continuous drain of 
a large current for many hours without breaking down, 
In fact, the apparatus should be arranged, if required 
to furnish a current continuously, for small fractions 
of an Ampere, t'o or even less ; the smaller the current 
the better the battery will stand up to its work. 
Larger currents may be, and are, used in, practice, 
ffhere the current only passes for a few seconds, such 
I signalhng on railways, in mines, with domestic 
, and the call-heUs of telephone apparatus ; be- 
j, though a large quantity of hydrogen and second- 
7 salts are formed by the large current, in propor- 
Q to the time the current is passing, the iutervB.L at 
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rest between the signals gives time for the hydi-oj 
to be neutraUzed and for the secondary salts to be dis- 
posed of. In sucli work as the microphone circuit of 
telephone apparatus, where the current may be passing 
for several minutes together, the apparatus is arranged 
to work with as small a current as possible ; though 
here, too, the interval of rest is more relied on than 
the weak current, as on very busy instruments, auch as 
those employed in telephone exchanges, special batter- 
ies are always used — either very large Le Clanche or 
special forms of Mercury Bichromate or Danieli's ; and 
they are kept up to their proper strength by frequent 
attendance. 

Batteries naturally, therefore, divide themselves into 
two classes, those which furnish small currents, which' 
have been already described, and those which furnish- 
large currents, and which are used for electric lighting^ 
The on]y forms of battery for large currents that need 
be mentioned are : — the Bichromate, a modification o£ 
the Mercury Bichromate, which has special solutions? 
arranged to furnish a large current approximately con- 
stant for several hours ; the SchanscliiefF, in which the' 
mercurial salt already mentioned is used, and whioh 
has no porous cell ; and the Lalande-Cliaperon, in which . 
caustic potash and oxide of copper are the solutions. 
As neither of these batteries is yet doing much prac- 
tical work, outside the laboratory and special cases, such 
as miners' lamps, which will be more fully dealt with 
later on, it will hardly bo necessary to refer further 
to them. 
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3 already mentioned, a galvanic battery is merely 

snninber of galvanic cells connected together. The 

E.MJ". obtainable with any galvanic combination is 

I a fixed quantity ; with the Daniell battery, 1 Volt ; 

^mm&. the Le Clanche, Sulphur Sal-ammoniac and Mer- 

^^Bsry Bichromate, li Volta. That is to say, the highest 

^^R.K.F.3 that can be obtained between the terminals 

^()f any single cell of the types named, are the voltages 

given; and as we have before seen, the working 

E.JI.F., that which actually exists between the ter- 

•Hlinala of the cell when a current is passing, and which 
B available for driving a current through that portion 
" the circuit external to the cell, is less than the 
%Drea named, by the charge made upon the E.M.F. 
wliich results from the combined electro-chemical ao- 

*'Wi8, of the sum which results from the formula 

^^=CE, E being the E.M.F. used in passing the cur- 

^^BBnt C through the resistance of the cell, 

^B ^°^( these voltages, 1 Volt and 14 Volts, would be 
imte useless for practical purposes, unless we employed 
very large conductors ; and we therefore connect two 
01" more cells together, and so add their forces, just as 
'*o horses attached to a carriage add their muscular 
^srgy, or should do so, to pull it along. To connect 
cells together so as to add their voltages or E.M.F.s, 
tne+pole (carbon or copper}, where the current leaves, 
of one cell, is connected to the — pole (zinc) of the next, 
audita own— pole to the-)- pole of the one behind it. 
The zinc wure is usually bent into a loop, which ia 
slipped under the binding-screw on the top of the 
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carbon, and the latter screwed firmly down. The cai^' 
bon pole +, at one end, and the zinc pole — , at th»; 
other, are left free for connecting to the external cir- 
cuit, and the usual plan is for two covered wires to be 
brought down to the battery box, their ends bared,; 
scraped clean, one connected to the carbon pole by, 
being placed under the binding-screw and the lattw 
screwed down, the other firmly twisted round the endi 
zinc wire. Between the end zinc and carbon exists. 




Fig. 27. — Le Claucli^ cells coiinected 



the full E.M.F, or difference of potential due to the 
number of ceils in combination (Fig, 27). 

It is obvious, that by adding cells together in this 
manner we may have as high a voltage as we please, 
always remembering that we add the resistance of 
each cell to the circuit, as well as its power of overcom- 
ing resistance, or its E.M.F, Thus, if we have 100 
Darnell's cells, or 1000, we can have 100 or 1000 Volts 
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»to drive a current through the circuit formed 
e cells themselves and the work outside. 
Now, it will be obvious that the fact mentioned — that 
We add the resistance of each cell to the ather resist- 
ance of the circuit, at well as adding its E.M.F. — may 
aetract very much from the benefit that we receive, or 
't may not, according to the condition of the outer cir- 
cuit. Take a circuit whose external resistance, — that 
outside of the battery, — ia 95 Ohms, and a battery of 10 
-*-*© Clanche cells, whose resistance ia 1 Ohm each. The 
^Urrent passing, by Ohm's law, will be C = y^^„ = I'lre = -f 
■^iBpere. 

INow add 10 more cells of the same size and resist^ 
f-^ice, and we get C = -^jj!-^ = tVs = about i Ampere, and 
^ our apparatus we require the current to operate be 
^^t to work with -J- to i Ampere, the addition of our 10 
■^^lls will have enabled us to do the work with 20 cells 
^•iatwe could not do with 10. But suppose the in- 
*^'^l:nal resistance to be 10 Ohms per cell, as in the 
^'^^jugh Daniell, and the voltage 1 Volt per cell, while 
''lie external resistance is only 10 Ohms. 

rWith 10 ceUs we get C = j^l^ = i^. 
,. 20 „ „ C = t^i^=,V = -rfrT. 
„ 30 „ „ C=-n^f^=li'T'V = Ti-Tr. 

the current keeping practically the same, though we 
are employing 20 or 30 cells instead of 10, and using 
twice or three times the quantity of material. That 
is to say, we get only the same result at twice or three 
times the cost. IE our bell is made to ring mth 
I Ampere, we do not get any practical advantage 
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using tlie larger number of cells, while, if it is made 
to ring with ^ Ampere, it still refuses to do so. This 
13 a case, of course, that would rarely or never occur in 
practice, Jt is introduced here in order to explode a 
fallacious argument that is given in nearly all tha 
text-books, as to the proper method of connecting cells 
so as to get the best results. 

No electrical engineer would arrange a circuit hav- 
ing all the resistance inside the generator, whether it 
be a galvanic battery or any other form. If he was 
unable to obtain any batteries except those having a 
high resistance, he would wind his apparatus with a 
gauge of wire that would reduce the current and at 
the same time give him the result he required with 
the smaller current ; and with such a construction, that 
is to say, with internal and external resistance pro- 
perly proportioned, every added cell would increase his 
available E.M.F. and working current. But on the 
above imaginary case, or somewhat similar ones, the 
text-books have built up a theoretical connection of 
cells, to get the best results, which is most misleading. 
It will be seen from the above, that if with our 1 Volt 
10 Ohm cells, instead of adding their E,M.F.s and 
resistance, we join them in what is termed parallel or 
multiple arc, — that is to say, if, instead of adopting the 
series plan, shown in Fig. 27, page 106, we adopt that 
shown in Fig. 28, and connect the two batteries of ten 
cells with the two copper poles of the two tens together 
and the two zinc poles of the two tens together, and 
connect them to the external resistance, as shown in 
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tiie figure, — it will be obvious that we have only the 
same voltage as with one set of batteries ; but we have 
tiaived the resistance of the battery as a whole. In- 
stead of C=^-^i^— = T'r Ampere, we have now with 
20 cells C = ~';j?— =ig = ^ Ampere, or we have nearly 
"Oiible the current ; and if we use 30 cells in the same 
Way, we have C= ip+° -n~'*^'' '^^ about i Ampere, 
ni "But although this plan looks well in theory, it will 
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not work, and is never used in practice ; and the reason 
18, that the batteries obey Ohm's law just as every other 
part of the circuit does, and that the current takes 
cognisance of all the conditions present. 

It has been explained, that whenever an E.M.P. 
finds a path open to it, such that the current can pass 
through and come back to the starting-point, it drives 
a current through that path ; and it has also been ex- 
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plained that either resistance or opposing E.M.F. wilj J 
prevent the passage or modify the strength of the cui> J 
rent. 

Now, in the present case we have, in theory, two ^ 
E.M.F.s equal and opposite, and two resistances exactly 
equal ; therefore no curi'ent should pass. In practice, we 
have nothing of the kind; the E.M.F.s are nener equal, 
nor are the resistances ; consequently, if the E.M.F, 
at terminals of battery A be 10-5 Volts, while that of 
battery B is 9'& Volts, A will have a preponderance of 
1 Volt, and will drive a current through both in the 
direction of the excess E.M.F., the strength of which 
will be C = a^5 = '006 Ampere; a small current, but 
always passing, and it must be remembered, in the 
one-half of the battery passing in the opposite direc- 
tion to the working current and assisting such actions 
as the working of the sulphate of copper into the zinc 
cell in the Daniells. 

As a matter of fact, too, the difference in E.M.F. may 
easily be more than the hypothetical case given ; and 
even if it be not at first, when the batteries are con- 
nected, the action of the current will soon make it so, 
by the old method that has been so often mentioned, 
of setting up opposing E.M.F.s and building up re- 
sistances. In making cells, no maker could ever pos- 
sibly guarantee that any twenty cells, or even any two, 
shall all have exactly the same E.M.F. and resistance ; 
though they may be made from the same material, 
by the same hand, and that hand shall be as careful 
as human hand can be. Nature does not make all the 
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in cooling, or in the pouring in of the mixture of 
carhon and manganese, may make sufficient difference 
to start this action. Cells which are perfectly aUke 
for practical purposes, may ensily have a difference of 
this kind, when pitted against each other, as in the 
arrangement of connections described. 

It is for this reason, therefore, that the electrical 
engineer never connects his batteries in parallel circuit, 
as shown above, unless it be for a very temporary pur- 

»pose, such as a few hours' hghting by primary batteries. 
If he cannot get his batteries of low resistance he 
xaakes his circuit outside of his batteries of high resist- 
ance. He makes his batteries of low resistance if he 
possibly can, except in special cases ; but he does so by 
making them larger, having larger plates, more solu- 

Ition, etc., and he then obtains the double benefit of low 
resistance and lasting power in his cells ; that is, the 
larger the cells are made, the larger current they will 
sttmd for a given time without attention, and the 
longer they will stand a given current. 
The number of cells to be used for any given work 
is of great importance in electrical engineering, as it 
affects the working of the apparatus in two ways. If 
, you have the cells too few or too small, your apparatus 
* I constantly failing ; but, on the other hand, every 
adds to the expense, both of installation and of 
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maintenance, since the same current passes tlirough 
each cell, consuming the same quantity of materials ij 
each, or approximately so ; and, further, each addei 
cell increases the strength of the current passing! 
through all the cells. If the cells he made larger 
too, the current strength is increased, owing to the 
reduction of the internal resistance of the battery, 
but the advantage gained by the larger cell usually, 
more than counterbalances this. Perhaps there ia no' 
point upon wliich the practical man is more likely td 
condemn what may be called laboratory or book theory 
than this. He buys or makes an apparatus, say ft 
trembUng bell, that will ring with one cell, when con- 
nected directly to the battery. Perhaps he puts a 
hundred yards of wire in the circuit, and finds that it 
will ring theu. He fixes the hell where it is only 
rung occasionally, and it apparently goes all right for 
some time ; but if he places a similar bell in an office 
or an hotel where it is rung very frequently, and uses 
only one cell, though it rings very well at first, jubV 
as it did in his prehmlnary trials, by-and-by it fails f 
first, at times towards the end of a day's work, then 
more frequently. The customer to whom the bell was 
supplied, who was delighted with it at first, now thinks 
electric bells are very good — when they act. In many 
cases, the young contractor, — who possibly has only 
allowed for one cell in his contract, — does not attempt 
to repair the mischief at the source, he will prefer 
tinkering the bell a bit, cleaning the contacts, regulat^' 
ing the spring, cleaning the push spring contacts or 
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the wire connections ; and after a thorough overhaul 

of thia kind, very probably the bell goes on ringing 

again all right, b\it not for long. In a few days or a 

few weeks, according to tho amount of work the bell 

is called npon to do, the same thing happens ; and 

the customer aslis if this will be necessary every few 

I days or weeks ; if so, he is going back to the old 

^^^^, and so on. Possibly, the young contractor, 

^^P addition to having only one cell, has it of the 

^^pOalieBt size made, and in that case his troubles are 

Q intensified. If he had used the largest size, the extra 

espense would have been very trifling, but it would 

ibled his bell to hold out Jonger. If he 

i fixed two larger cells, he probably would have 

1 no trouble at all for some time. Unfortunately, 

' rule can be given eitlieT for the number or the 

'6 of the cells to he used in each case, as these 

PlBt depend entirely on the conditions of work, and 

list usually he a matter of individual experience. 

The failure of the battery was due to two causes, 

increased resistance and decreased E.M.F. ; and it is 

exceedingly difficult to estimate the value of these 

two factors. As a rule, where the insulation is perfect, 

twice or three times the number of cells that theory 

would dictate should be used. Where the insulation 

is good and the work very hard, it may even be as 

many as eight or ten times. Much again depends 

upon the construction of the cell. If that be made 

with no reserve of power, a larger number will be 

required in the battery, and mce versd. Two grand 
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rules should always be remembered, the larger the cella 
are, the longer they will go without attention ; and ou 
the other hand, the more attention you can give to a 
battery, the smaller and weaker it may be. Further, 
you can make up your power either in the size of the 
t;ells or in their number, the former being usually the 
best plan. 

J^awifs. ^Perhaps the moat difficult of all electrical 
work, and yet the most fascinating, is the discovery 
of Faults, as they are technicaliy termed, or sources ot 
failure. 

The battery, where one is used, is the moat fruitful 
in faults. It is the part the trained engineer flies to 
first. 

To understand how to seek faults without loss of 
time, one had better understand what is meant by a 
fault. An apparatus ceases to work, or works badly. 
In most cases this will be due to the working current 
having fallen below that for which the apparatus ia 
constructed. How has this happened, if the cause of 
the trouble is in the battery ? As already explained, 
the current can be weakened either by loss of E.M.F. 
or by increase of resistance, or both, as one leads 
usually to the other. Thus, if the resistance of the 
battery be increased, the charge upon the E.M.F, for 
the current passing through it is greater, and therefore 
the E.M.F, available for overcoming the external re- 
.sistance and driving a current through the apparatus, 
whatever it may be, which the current ia to actuate, 
wiU be leaa. 
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Tie principal sources of increased resistance are dirt 
"and the chemical reactions before referred to. Dirty- 
connections always increase the resistance, for instance 
dirty wires under dirty screws. Another source of re- 
sistance is the evaporation of the liquid. Since the 
resistance of any Irody through which a current is 
passing varies inversely as the cross section, it follows 
that the evaporation of the liquid, by reducing this 
sectional area, will raise the resistance of the cell. 
Sometimes also, an outer jar will be cracked, and the 

t liquid gradually leak out, in which case the current 
■gets weaker and weaker and finally ceases when the 
jar is empty, or nearly so, the resistance of that cell 
Imving increased practically to infinity. 
When the battery is placed in warm places, too, the 
BTOSt which forms and which has already been de- 
scribed, will empty a cell just as a crack in the outer 
jar would have done. 

Other sources of resistance are the filhng up of the 

■ pores of tbe porous cell, and of the carbon plate where 

l^cerbon is used ; the formation of highly-resisting 

lystals round the carbon, or round the carbon and 

langanese or sulphur ; the formation of a crust upon 

Itliezinc; and lastly, of the reduction of the conduct- 

lilng power of the liquid, by the chemical actions that 

e constantly going on. "Where sulphuric acid is used, 

the acid is displaced the resistance of the Uquid 

3 and the E,M.F. falls. 

And now to find the fault. Personal inspection by 

experienced electrician will often detect a fault 
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at sight ; but the more experienced lie is, the less ha 
will be disposed to rely upon Lis eye, if he can possi- 
bly avoid it. He will take the detector galvanometer.' 
shown in Fig. 29 with him, and will usually find the 
fault with unerring certainty in a few minutes. 

The detector galvanometer, which will be described 
more particularly under measuring instruments, is 
arrangement of insulated wire surrounding a vertically 
suspended needle magnet, so that when the current 
from a battery or other source of electricity is sent 
through the wire, the defiectiou of 
the needle out of the vertical 
roughly proportional to the current 
passing. A piece of insulated wire 
is connected to each of the two ter- 
minals, of what is termed the short 
or quantity circuit of the detector, 
the covering being removed from the 
■^iSS'tl"' »^» of '!"> ™«». 'l-e bared ends 
scraped clean and firmly clamped 
under the terminal screws. The other ends of these 
galvanometer wires, as they are termed, are bared and 
scraped, and held, when testing, firmly between the 
thumb and forefinger of each hand. A place is scraped 
clean with the knife on the zinc wire or strap of each 
cell, the galvanometer placed where its dial can be seen, 
and the engineer proceeds to test each cell in succession 
by pressing the bared ends of the galvanometer wires 
firmly on the bared places on the cell connections, as 
shown in Fig. 30. A celt of a given size will produce 
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a certain deflection on a certain galvanometer while 
both are in order, so that by testing each cell in suc- 
cession, in the manner described, those that are more 
or leas faulty can be detected, and, what is more, the 
cause can be discovered. Suppose, as is usually ar- 
ranged, that the galvanometer gives a deflection of 46° 
-mth a cell at ita full strength. Xf the battery has 




Fig. so.— TeetiDg ft Cell nitb a Detector Oahanometer. 
been at work some little time, probably some of the 
cells will now give 35°, 30°, 20°, some even 10°, and 
possibly one or two 0°, If the apparatus has ceased to 
work entirely, the replacement or removal of the cells 
giving 0° will generally put matters right, as they must 
be offering a very high resistance indeed ; practically 
they are dead horses, stopping the others working by 
their inertia. 



It may be, however, that the apparatus is only ■ 
ing weakly, and in that case several of the cells may 
be giving 5^ or 10", while the rest give 30° and 36" ; 
or they may all be giving only 10° to 15', all having 
worked down together, in either case the removal of 
the weak cells, or the renewal of their faulty parts, will 
put matters right. 

The next point is, to discover why any cell is weak. 
Is it the zinc ? the solution ? the carbon ? the copper 
plate? the filled porous? etc. If the zinc is at fault, 
it can usuaUy be seen by simple inspection ; or, to 
make certain, place a new zinc in the cell, or scrape 
the zinc well, and test again. If the deflection is 
unchanged, it is not the zinc. Sometimes it is the 
connection from cell to cell, the zinc wire or strap, 
which has been allowed to become dirty. Remove 
this, and clean the terminal screw, and test again. If 
this makes no difference in the deflection of the gal- 
vanometer needle, examine the carbon itself, and, if 
practicable, make a connection to the carbon plate be- 
low the cap or clamp. This failing, examine the solu- 
tion. With the Le Clanche or Sulphur Sal-ammoniac 
batteries, if there is some sal-ammoniac on the bottom 
of the outer jar, the solution is all right ; if not, the 
solution may be exhausted. Put some fresh sal-am- 
moniac in, cut the cell out of the circuit, if the deflection 
is very low, and allow the saturated solution to work 
into the inner cell, when the deflection will probably 
rise, the failure being due to the secondary salts, which 
have not been dissolved, crystalhzing out within the 
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■-.porOTis cell. In the case of the Mercury- bichromate, 
j:llook at the colour of the aolutioa ; if bright orange, 
I taste for acid; if that ia right, the porous cell is pro- 
I bably hard. 

"With the Le Clanche and Sulphur Sal-ammoniao 
f tatteries, if the zinc, carbon., connections, and solution 
' are right, the filled porous must be at fault. Change it, 
or let it rest. Sometimes a cell will get up with rest, 
especially if it has had a temporary short circuit. 
Frequently the porous cell becomes cracked in wort- 

Iing, owing to the expansive force of the crystallizing 
Baits ; and the conclusion is erroneously jumped at that 
ithe cracked cells are faulty ones. This is not usually 
the case ; the cracking of the porous jar often saving 
it, by lowering the resistance of the cell. If the pores 
were to fill up instead of bursting the cell, then the 
internal resistance would rise, as the area open for the 
passage of the liquid would be less. 

In some cases, however, where impure materials are 

, tised, the porous cells may be cracked, and the cells 
I down as well, owing to the chemical action of the 
I foreign matter. 

Primary galvanic batteries, that is to say, those 

[■batteries in which electrical energy is furnished by the 

[■direct consumption of zinc and other materials, have 

I not, as yet, been much used for electric lighting, owing 

I to the cost per lamp per hour, or per Watt per hour, 

teing so very much higher than the cost when fur- 

ished by a dynamo, driven by a steam or gas engine ; 

i also from the great difficulty experienced in i 
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taining the current at a miifonn strength. "With 
batteries which are to furnish electric light, the con- 
ditions to be worked to are quite different from those 
ruling with the batteries that have been already da-, 
scribed aa in use for telephones, telegraph signali 
"With the latter, all that is required is that the ap- 
paratus shall work ; it will not matter if a bell rings a . 
trifle louder at one time than another, so long as it 
rings loud enough to be heard ; but with electric light- 
ing, the current strength must be absolutely uniform 
within certain limits, or the battery furnishing it is 
useless. No one would tolerate a glaring light during 
the early hours of the evening, and a very poor one 
later on. The difficulty is caused solely by the alter- 
ations in the resistance and E.M.F., due to the chemical 
reactions that have so often been referred to ; but with 
this difference, the battery that is used for electric 
light always furnishes a large current, while that used 
for telephone and signal work uses a very small cur- 
rent, therefore any variation in the resistance of the 
battery will have far more effect with the former thaa 
with the latter, owing to the operation of Ohm's law. 

The attendance also upon primary galvanic batteries 
used for electric lighting is a very serious item. All 
the difficulties that have been mentioned in connec- 
tion with other batteries are present here, in a greatly 
intensified form ; and it is usually necessary to attend 
to the solutions every few hours, instead of every few 
months or years. 

Some inventors have resoited to the plan of 



„^ 



GALVANIO BATTERIES. 121 

ducing secondary batteries, connecting them directly 
with the primary battery, and the lamps with the 
secondary; and this is done on the plea of economy, 
the actual reason being, however, that, as will be seen 
later on, the secondary acts as a regulator and reser- 
voir to the primary. It will receive the current from 
the primary day and night, and so apparently avoid 
tie waste which always rules in a primary battery 
^ten it is not doing useful work, as a primary battery 
can never be at rest. It also maintains the current 
strength more uniform in the outer circuit, the lamps, 
®tc. But the economy is not real. In fact, the intro- 
duction of the secondary battery causes more waste, 
though it undoubtedly covers some of the faults of the 
primary battery, if rather expensively. 

There is one portion of the electric lighting field 

that it is to be hoped primary galvanic batteries may 

be useful in, viz., that of the Miner's Portable Electric 

Lamp. Though the cost of zinc and acids used in 

producing the light here bears the same or even a 

higher proportion to that of coal used in driving a 

djrnamo, as in other cases ; yet, as the quantity itself is 

small, and as, moreover, it has the advantage of being 

made into a portable form, whereas the engine and 

dynamo cannot, it is hoped that in this field it may 

do good work. 

The sine qud non for a miner's lamp is, of course, 
that the battery shall furnish a fairly constant current 
for the time of a miner's shift, including the time 
occupied in going to his work and returning from it. 
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Electeic bells are of two kinds, those known as 
trembling or vibrating bells, which ring continuously, 
as long as a current of the required strength is passing 
through them, and single-stroke bells, which ring once 
each time the circuit is completed. 

Trembler bells are used principally for domestic 
purposes, and occasionally for mines or fire alarms. 
Single-stroke bells ai-e used, more for mines and ra 
way signals, where a clear, distinct signal is 
importance. 

The construction of each is nearly the same, thrf 
differences being in the form of the apparatus, and iij>B 
the arrangement added to the trembler bell to causa| 
the hammer to vibrate. 

In each there is an electro-magnet made in fonfj 
parts, two limbs of round iron carrying the coils, ( 
flat back or yoke piece, sometimes made part of t\A 
frame to which the electro-magnet is fixed, and th<3 
movable armature with bell-hammer attached. 

In the single-stroke bell, as shown in Fig. 31, thel 
armature is pivoted, and either it or its hammer s 
works between regulating screws, so that its distanot 
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from the poles can be adjusted. In some forms, as 
where the bell-dome is carried under the electro-mag- 
net, the pull of the latter is balanced by a spring whose 
tension can be regulated, the object being to pnll the 
annatnre back after striking. In those tbrma in which 
tliB bell-dome is over the electro-magnet, a straight 
steel spring ia usually provided for the same purpose ; 




"ft it does not come into action until the blow has 
been struck. This form is decidedly the best. 

hi the trembler bell the armature is attached to a 
sliort, broad steel or brass spring, of sufficient strength 
to pull it away from the magnet poles when the cur- 
rent is not passing. The other end of this spring 
nsiiaily forms a current-breaker, or contact piece, 
"ien the bell is not rmging it rests against an ad- 
justable stop, placed for the purpose, as shown, in Fig,. 
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32. When the current passes round the electro-magnel 
the armature, being attracted, causes the hammer to 
strike the bell, the latter being placed so that it can do 
so ; but it at the same time causes the contact spri 
before mentioned to leave its contact point, 
thereby break the circuit. The circuit being brokei^, 
the attraction of the armature ceases, it falls back 
from the poles, remakes contact, and is again attracted; 
the result being the continuooa 
vibrating ring, similar to the 
clock alarum, with which evei 
one is familiar. 

It will easily be understood that 
the electro-magnets and otht 
parts of electric bells should 
properly proportioned to the w 
they have to do. A large, de 
toned mining or fire bell, — whose- 
ring is required to be heard either 
at a long distance or above the 
noise of moving machinery, — re- 
quires a harder blow than a small 
bell, such as is suitable for the 
kitchen or servant's bedroom of a private house ; and, 
again, the hall of a large hotel may require a bell not 
as loud as a mining bell, and yet louder than one that 
would answer for a private house. 

A little consideration will show that, in order to 
provide the requisite strength of blow, two things 
principally have to be considered — the size of tha 




Fig. 33.-TrBmbler Bell, 
showing vibratiutj Ar- 
mature, Ham in er, Bud 
Contaob Screw. 
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tself, and the exciting power ; and in 
practice it works out ciieaper to make your electro- 
magnet large and powerful, than to have more power 
elsewhere. It has already been fully explained, that 
the power yon get out of a given electro-magnet de- 
pends directly on the exciting power and inversely oa 
tke magnetic resistance offered to that power by the 
magnetic circuit, consisting of the two legs, back, and 
snnature ; and it has also been explained, that with a 
given sized core of iron, the useful quantity of wire, and 
therefore the exciting power you can apply, is limited 
by the fact that each succeeding layer is larger and 
larger, offering greater proportional electrical resist- 
ance ; while, being farther from the iron, its magnetiz- 
ing effect is less. Therefore, if you make your electro- 
magnet small in proportion to the work it has to do, 
you can only get the necessary strength of blow on 
your bell by increased current strength, meaning an 
increased number of cells, increased cost of mainte- 
nance, and more frequent attention. 

Perhaps there are few points in connection with 
electrical engineering so little appreciated by outsiders 
as this. It is so difficult for tliem to see how they can 
possibly be saving money by paying twice or three 
times the sum for an electric hell that they need do ; 
and yet, if they were to take two bells, one with the 
electro-magnet large and powerful, euid the other with 
its electro-magnet small and weak, and carefully test 
them, checking the total working cost in. each case, 
the result would be somewhat surprising. The weaker 
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the magnet, the greater must be tlie cuirent strength; 
and so, where either magnet or battery are weak in 
proportion to the work to be done, the whole apparatni ^ 
is an endless source of trouble. The battery is con- 
tinually failing, do what you will, and continually 
requiring attention and renewals. 

Another necessary feature of the magnets of electric 
bells is, that the cross section of the iron, employed 
should be as large as possible ; thin cores entail jncpre 




Forged liou Bobbin for Eleotrlo Bells. 



work upon the cui'rent, and therefore upon the battel 
than thick ones. Further, the pole pieces and 
armature should present as large a surface as possible 
to each other, though the former mu.st not thereby be 
brought too close together, as tlie lines of force — which 
obey the law of magnetic resistance here as elsewhere, 
— will find a leakage path that will appreciably reduce 
the strength of the field between the poles and 
armature, and therefore the pull upon the latter. 
In the electro-magnet used by the Author'8 firm, 
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Rked o«t by him, tlie iron core of the coil is made 
I form the eud or collar whicli holds the wire in and 
the pole piece as well, the bobbin or complete magnet 
leg being formed either by taking a piece of romid 
iron of the full diameter that the wound coil will have, 
and turning it down between the ends, as shown in 
Pig. 33, leaving a collar at each end, or by forging a 
piece of iron to the same shape 

There are several advantages 
in this form ; bnt the principal is 
— the magnetic resistance of the 
cir space between poles and ai ma- 
ture, and that of the joint at the 
back, are so much reduced, ow- 
ing to the increased sectional 
area. At the same time there 
need be no fear of leakage fi-om 
pole to pole, as these can be 
placed a considerable distance 
apart, without materially affect- 
ing the gain. It will be noticed ^''^■.'^*--^'''T^^'' "^"' 

, . ° , . . . „ with Wood Covet on. 

also, that the exciting wire of the 

electro-magnet comes right up to the pole piece, so that 
the fiill possible work is got out of it. 

Perhaps a more important point than even the di- 
mensions of the electro-magnet is, that proper provision 
should be made that changes of temperature or other 
causes do not put it out of working order. Trembler 
bells are usually mounted on wood bases, arranged to 
hang vertically, with a cover over the electro-magnet., 




128 ULEOTBWITY. 

the hammer shaft protruding through a hole in the 
cover provided for it, &s shown in Fig. 34, In the early 
days of electric bells, the electro-magnet and its armsi- 
ture, with their brackets, were mounted separately on,' 
the wood base, the most common type being that where; 
the back piece of the electro- magnet was attached to 
a brass angle bracket, the latter being screwed to the 
wood base. The spring carrying the armature ■' 
also attached to a brass angle bracket screwed to the 
base, and a second bracket of similar form carried a^ 
second smaller steel spring, which, when the bell was 
not in use, pressed against the back of the armature^ 
forming the contact-breaker. In those days, thera 
used to be frequent complaints that bells did not ring| 
and often, on going to ascertain the cause, it woul4 
be foimd that the armature, or one end of it, was' 
jammed hard against the poles and could not move; in 
other cases, the contact spring had worked back, ow- 
ing to the continual vibration, and was just not making 
contact, so that no current could pass. One minute's 
work was usually sufEcient to put the matter right ; 
but it was exceedingly annoying, and in some cases 
expensive, when it happened frequently, where a rail- 
way journey was necessary. The iron springs that 
were used in those days were also a possible source of 
failxire, owing to their habihty to rust. The whole of 
these difficulties have been overcome by : first, using 
brass or well-made steel instead of iron springs, and 
secondly by mounting the whole apparatus upon an 
iron framework, as shown in Fig. 32, page 124, the 
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otact pillar Ijeing insulated from the iron base, thongli 
supported by it, 

The matter has even been carried further, some 
forms of mining bells having a complete iron case, the 
terminals and contact pillars being insulated from the 
case by collars of vulcanite or vulcanized fibre. In 
America, too, they are even making small domestic 
bells on the same lines. 

In using these iron-cased bells, it must be remem- 
bered, of course, that 
the iron base and iron 
cover are conductors, 
and therefore the 
bared ends of the wires 
used to connect the 
terminals to the wire 
on the electro-magnet, 
or to the outside wires, 
must not touch the 
iron case. If they do, 
no current will pass 
through the hell coUs, all going by way of the iron 
case ; the resistance of the latter being so small in 
proportion to the former. 

With single-stroke bells precisely the same difficulties 
occurred in the early days as with tremblers, The 
electro-magnet and the supports of the armature were 
screwed direct to the wood base ; the bell dome being 
carried by the cover, as shown in Fig. 35, and the ham- 
mer protruding through a hole made fox \t, &1&K1 *. 
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little time, possibly, the bell refused to ring, and its 
armature was found canted round, with one end touch- 
ing one pole and the other end pointing away, so 
that it could not move ; and in this case the remedy 
was not always so easy, if it was a large bell. The 
same arrangement has overcome the difficulties in this 
case as with the trembler bel), the whole of the work- 
ing apparatus being mounted on a metal base, 
shown in Figs. 31, etc., page 123. 

A mistake that is sometimes made in the construc- 
tion of electric bells is, the armature and hammer are 
made too heavy. This construction is based upon a 
wrong appreciation of the principles of the electro- 
magnet. It is supposed that by having a greater mass 
in the armatm"e you obtain a greater pull, because the 
magnetic resistance is thereby lessened. But though 
you undoubtedly lessen your magnetic resistance a 
httle by, say, doubling the tliickness of your armature, 
you nearly double the mechanical work that the cur- 
rent has to do ; so that, setting off this heavy loss 
against the trifling gain on the other side, yoiu: ad- 
vantage is a minus quantity, and you wiU find that 
your battery requires very much more attention in 
consequence ; and unless it is made originally of very 
much larger sized cells than would answer with a 
hghter armature, it is constantly falling below work- 
ing strength. 

It must never be forgotten that it is your battery 
which suffers for all these mistakes or false economies, 
such as that of too small electro-magnets, though there 
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may be nothing to show it, and you may fancy that 
you have got hold of bad batteries, whereas yon have 
an improperly constructed bell. 

The same remarks apply to the hammer. It is often 
imagined that you obtain a harder blow by using a 
heavy hammer ; but practical experience shows that 
you do not, and the reason is a very simple one, viz., 
that in increasing the weight of your hammer, you 
increase the dead work which the current has to per- 
form, more than you increase the blow. The blow 
would be harder if pulled up with the same force as 
the lighter hammer, but it is not ; the product of the 
velocity with which the hammer approaches the bell, 
multiplied by its weight, which ia the measure of the 
force of the blow struck, decreases after a certain 
weight ia reached. 

Domestic Electric Bells. — The earliest practical appli- 
cation of electric bells was naturally to domestic 
purposes. As soon as it was discovered that a bell of 
the form described might be made to ring at will, by 
connecting it with a battery and some form of circuit 
closer, as described in the chapter on the electric 
circuit, it was applied at once to communicate from 
;dining, or drawing, or bedroom to kitchen; from princi- 
pals' office to clerks, etc. 

It will be seen that all that is required for this pur- 
|K)se is— that the bell shall be placed where it is re- 
quired to ring to ; the battery where convenient; and 
the circuit closer,— or push, as it is termed, from the 
feet that contact ia made by pressing or ^Ma\i.\a.^ ». 
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centre piece, — should be at the place it is required to 
ring from; and that the three, — bell, battery, and push, 
— should be connected by wires insulated from each 
other, so that no contact can be made except that at 
the push, in obedience to the will of the operator. In 
practice this is accomplished by placing the battery 
in some out-of-the-way spot, leading two covered wires 
away from it, connecting one of them to the bell, and 
taking a wire from the other side of the bell and 
leading it, with the one from the 
battery, to the push. 

The usual form of push is Bbown 
in Fig. 86 ; it consists of two Ger- 
man silver springs, attached to 
a circular wood or vulcanite base 
by screws. One spring remains 
usually close to the wood base, the 
other being arranged, by its form, 
Fig. 36.-inflide of Push, to stand away from it, until brought 
showing SpriDKa and into contact by pressure of the 
Connecting Wires. , . » n i - 

centre piece. A wood, chma, or 

metal top^ with a hole in the centre, screws on to the 
wood base ; and through this hole in the centre pro- 
jects the thumb-bit or centre piece, working freely, so 
that on the pressiore of the finger being applied, it 
brings the two German silver springs into contact, and 
thus closes the circuit. 

It has been mentioned in the chapter on the electric 
circuit, that any number of circuits may be formed, 
having the bell and battery in common and part of the 
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■wires, but having separate circuit closers. This is 

taken advantage of to arrange commimication between 

several rooms in a house and the kitchen, the wires 

being branched. 

Each branch leada to its 

o^wn push, and each push 

completes a circuit of its own 

from the room in wliich it is 

placed to the kitchen, and in- 
cluding the battery and bell. 

This is the arrangement used 

generally for small houses of 

about six or eight rooms, 

where the servant cannot 

make much mistake, and Has 

not far to go to find out who 

rings. 7^ 

The arrangement is ren- ^ — ^ 

dered more certain by giving 

each room a number, and 

pressing the push in that 

room the number of times 
l^oorresponding. Where ne- 
Tveessary, also, the front door 
I may have a separate bell of 
I own, another branch cir- 
nit being formed for it, in- 
I chiding its own push or pull, its own bell and the 
f battery, as shown in Fig. 37. 

For large houses, however, and for hotels, the a.bcive 




Fig. 37.— Diagram showing the 
ConnectioiiB for Binging two 
Bells aeparately from diSeient 
PuBliea. 
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simple arrangement would be unsuitable. A servan-'' 
could hardly be trusted to be sure of the difference' ; 
say, between twelve and fifteen, even if ladies 
would have the patience to ring as many times. lb 
is necessary, therefore, to make other arrangements to 
indicate the room calling. This may be done by 
giving each room a separate bell, as in the old days of 







Fig. 38.— lojicator, «ith Bel!, Batterj, and PashsB. 



the pull bell ; but the plan does not work out very 
well. It is difficult to obtain sufficient variety of 
Bound, and thera is not the indication of the bell 
swinging, as with the old bells. 

The plan usually adopted is, to give each room its 
own branch circuit, which shall include the bell 
battery, its own push, and, in addition, an electro- 
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agnetic arrangement that shall indicate which room 
s rung. 

The whole, or a number of these electro-magnetic 
•angeraents are placed together in one case, and 
(hind a gilded glass, each one operating some form 
' tell-tale or indicator, and making it visible opposite 





r spacse left in the glass. Fig, 3S shows an 
Indicator with battery and pushes connected. 

There are various patterns of indicator, some depend- 
ing for their action upon the properties possessed by 
pmanent steel magnets, others consisting of trip 
ions worked by the magnetism imparted to the 
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electro-magnet, attracting its armature find releasing' 
tlie tell-tale, which falls opposite its hole in the glass; 
others, again, consisting of mechanical motions worked 
by the moving armature, and bringing some disc or 
shutter into sight. Others, again, are arranged upon 
■what is known as the pendulum pattern. A flag or 
disc hangs opposite each hole, at rest, except when a 
current passes through its electro-magnet. When this 
happens, the flag or other tell-tale oscillates as a pen- 
dulum for a certain time. The object of the pendulum 
indicator is to avoid the necessity for replacing the 
tell-tale in its original position after its cail has been 
seen. It is obvious that with all the others this must 
be done, otherwise there would be no indication when 
the same room rang again. 

The methods of replacement are also various, some 
depend upon the before-mentioned property of the 
permanent steel magnet, of being attracted or re- 
pelled by unlike or like poles of an electro- magnet. A. 
current in one direction from the room causes the tell- 
tale to appear ; a ciurent in the opposite direction, sent 
by a push attached to the indicator case, causes it to 
return to its original position. 

In every other case, the tell-tale is replaced by a 
mechanical arrangement, worked by a handle at the 
side. 

A favourite form, if well made, is that shown in 
Fig. 40. The tell-tale is attached to a semicircular 
steel magnet, which has either end attracted by the 
electro-magnet, according as the current makes the 
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near end of the latter N, or S. It is doubtiul whether 
the electrical replacement is best, as it necessitates 
rather a complication of connections inside the indica- 
tor, that may give trouble. 

The reason this form works best when properly 
constructed is, probably, the small amount of work 



^•^©eistance of the magnetic circuit is rather high. 

^r The form shown in Fig. 41, where a straight bar 

'^isiguet works between the two poles of an electro- 

***agnet, ia not seen much in this country, but was a 

_ &**eat favourite in Paris. It did not work so well as 

*« one with single electro-magnet, because the per- 

ment magnet itself wa? somewhat heavy, and tha 





, the 
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tell-tale it carried was so also. Possibly, if both badl 
been made lighter, and the electro-magnet pole» 
nearer together, better results might have been a^W 
tained. 

In the form shown in Fig. 39, page 135, the arma- 
ture of the -electro-magnet engages with a ledge in the 
shutter and keeps the latter up out of sight until a 
current passes, On being attracted by its magnet, the 




armature disengages itself from the shutter, and the 
latter falls opposite its hole in the glass. It is replaced 
by a pin upon a brass rod turned by a handle. 

Fig. 42 shows another form of trip indicator. The 
great difficulty in connection with these trip indicators 
lies in the fitting. If they engage too tightly, the 
shutter will not be released when the armature is 
attracted. If they engage too lightly, they may fall 
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^b.en not wanted to, say from the vibration caused by 
issing b'affic, a heavy person walking across the room, 
; further, they are apt to require looking at oeca- 
onally, to see that the catch acts properly, as it may 

pFear from continually falling and replacuig. 




Fig 14 —Side 



Indicator ahown in F g 43. 



^igs. 43 and 44 show the only form the Author 

''"ows of in which the current is directly made to pull 

a sJnjt(.gp up. The electro-magnet has two limbs, and 

'* fitted with semi-cylindrical pole-pieces as shown. 

® armature is pivoted just above the pole-pieces, and 

^'"'^es a light framework with a white paper on it. 



iPh, 



^li at rest, the white paper which forms the tell- 
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tale, lies back on the eleetro-magnet, overbalancing the 
armature, as shown in Fig. 44, On the cun-ent passing, 
the armature is pulled down by the attraction of the 
pole-pieces, overbalancing the tell-tale, and the latter 
comes up opposite its hole in the glass, This form 
absorbs more energy than any other, and it is usual 
to fit a small relay in the indicator case, so that the 
indicator can be worked directly from the battery and 
not weakened by the resistance of the bell, its trem- 



I 




Figs. iS, tG Pendulom Indicstors. 

bling contact, and the wires leading to the push. Even 
then it requires more battery power, a larger number 
of cells, than other forms. The tell-tales ih this ease 
are replaced by stretched wires for each row, worked 
as usual by a handle at the side, and it has the ad- 
vantage over most others, that the indicater may be 
placed higher up than is usual, the replacing arrange- 
ment being reached by a pendant cord. 
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Figs. 45 and 46 show the arrangement usually 

adopted for pendulum indicators. 

The same obsei-vations that were made with regard 

fo the construction of electric bells apply to indicators, 

^■Kcept that the conditions are such as to preclude the 

^*^^p!oyment of large electro-magnets, and therefore 

*^^ work the current has to do must be reduced to the 

^~^^^est possible limit. It is necessary with the in- 

J-''-*^ator, as with the bell, that the electro-magnet and 

''■^^ armature and the tripping aiTangement, shutter, or 

^^i^atever tell-tale is tised, should be all mounted to- 

S^^ filler on a metallic base, otherwise trouble may ensue. 

■^*- the early days of domestic electric bells, the un- 

"^S^^^ial motion of different parts of the apparatus, owing 

the wood warping under different temperatures, and 

*^king the armatiire or the tripping arrangement, 

"~^*-Tised many failures. 

It will be obvious that, on the principles enunciated 
^--*- the chapter on the electric circuit, once we have a 
^.ttery in the house, we may make as many branch 
^-I'cuits as we please passing through it, and each one 
^^ay have not only its own push, but its own bell, which 
^*i ay be placed wherever we can carry an insulated wire, 
^*id that the indicators may be grouped as we please, 
-t^ius, in a large hotel it is frec[U6ntly arranged that 
^ll the rooms on one floor ring to an indicator under 
''■lie control of the chamber-maid on that floor. And 
private houses, it is frequently convenient to 
ive a bell in the servants' bedroom to ring from the 
**ii8treBs'3. 
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In one bouse that was fitted by the Author, there 
were tliree pushes in the owner's bedroom — -to ths' 
kitchen, the servants' room, and the nursery. Any 
push may also be arranged to ring two bells at once, as,. 




Fig. 17,— Diagram ahowing 



say a bell in the kitchea and one upstairs, so that th^ 
servant can hear whether she is upstairs or down, Ie«- 
this case two branch circuits may be made for the twC 
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P^Us, each having outside of it, and in connection with 
^t, the battery and push, as shown in Fig. 47. Or the 
Circuit may be continuous through both bells, battery, 
^^d push, as in Fig. 48. The arrangement works best 
^*ti the bells in separate branches. Also, where in- 
dicators are used, there may be as many pushes as you 
please in each room, branch circuits being taken to each 
Push, so that each controls the circuit containing the 
*^®U, tattery, and its own indicator. 




m 



Fig. 48. — Two Bells ringing together, Connected in Series. 

-^tiother form of apparatus that is occasionally used 

domestic work is the continuous-action bell, one 

f-^angement of which is shown in Fig. 49. It is 

^^^Uded to go on ringing when once started by the 

^^ent, until stopped by the hand ; and is frequently 

P^^ced in a servant's bedroom in such a position that 

^^^ is obliged to get out of bed to stop it, and may then 

^ Supposed to have awakened sufficiently to get up. 
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The autlior has, however, more faith in a silk bell- 
rope, with a pear push at the end, lying on the pillow, 
that can be rang at will and for as long as desired. 

In the continuous-action bell, the first action of ths 
current, attracting the armature of the bell, releases' 
a trip action something similar to some forma of in- 
dicator described ; and 
the trip arrangement, 
on falling down, closes 
a circuit, including the 
battery and its own bell, 
so that the latter goes 
on ringing until the 
contact is broken. In 
some cases the contact 
is separate from the 
bell, and this, though 
more expensive, is also 
more rehable. 

The great objection, 
to this form of bell is, 
that it ia necessarily 
dehcate in construc- 
tion. If the catch ia 
made very tight, the 
armature may not re- 
lease it ; and if it ra 
made dehcate, it is apt to be damaged by the rough 
hands of the servant maid, wakened out of her sleepy. 
perhaps m the dark, and taken that this would b« 




Fig. « 
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^ the more likely if she had an inkling that it was 
^thiix her power to prevent the bell ringing next 
horning. 

^^angement of Wires, — Where indicators, or an- 
J^Dciators as they are sometimes called, are used, or 
■^©re are cross connections to various branch circuits, 




Fig. 50. — Continuous-action Bell, with Contact separate. 

as already described ; it is usual to take one main or 
battery wire directly from one pole of the battery, by 
the most convenient route, to the neighbourhood of 
each push, a. short piece being jointed into it as near 
as possible, and carried direct to the push. 
A second wire leaves each push, and \a c^^rsAa^ 
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directly to the indicator, so that there are as many 
wires leading to the indicator as there are numbers [ 
and there are that number of wires and one more to 
carry down to the neighbourhood of the indicator, the 
extra one being the main battery wire, A short wire 
leads from a terminal on the indicator to the bell, 
which is usually fixed just above it, and in some cases 
forms part of it, and another wire from the other 
terminal of the bell to the battery, on the oppositft' 
side .to the main wire. 

In practice it ia usual to bring a short length oEl 

double wire, — that is, two insulated wii'es in one cover 

ing, — from each push to the passage, or main rViftnup. 1 
where the wires are to run. There they are jouitei^^-, 
one to the main battery wire before mentioned, an-^^ 
the other to the wire that is to lead down to .the ii=a- 
dicator. 

Or, if preferred, one short wire may lead firom tt;=ie 
push to the main battery wire, and a second wire Woe 
taken from the push right away to the indicator. 

The double wire is more convenient for the bran, ch 
circuits leading from push to push, 

"Where it ia required to ring a bell, say, in the ser- 
vants' bedroom, or in any other place away from ths 
indicator, from a push in one of the rooms, a wire must 
be led to the bell it is required to operate, from the 
opposite side of the battery to the main wire; the same 
side as that leading to the indicator bell. 

When there are many such connections, a second 
k/wtfery main ia camod \o the neighbourhood of aM 
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the rooms, with the first ; and short wires are led from 
't to the bells or other apparatus. 

T'or the continuous -action bell, three wires are 
required at the bell ; viz., two from the battery direct, 
*m3 one from the push that is to start the trip action. 
I'lie two from the battery lead, one to the bell itself, 
*Q-d the other to the contact pillar which the trip lever 
ia.lis on, the lever itself being connected to the other 
side of the bell, so that on falling it closes the circuit, 
^3 already described. The wire from the push is con- 
ti^cted to the same side or terminal of the bell as the 
trip lever. In fact, the trip lever and its contact form 
sirnply an automatic push. 

Gauges of Wires, Fixing, etc. — The size and insula- 
"■On of wire to be used for domestic bells are very 
ii^portant matters, over which it is easy to make mis- 
takes. 

it should be remembered, in all work of this kind, 
that the effects of time and the surrounding conditions 
oQ'Ve to be taken into account, if permanent success is 
to he obtained. 

A very small gauge of wire will give very good 
results, for instance — as long as it lasts ; but a small 
wire is easily damaged in fixing ; kinked, nicked with 
* knife in removing the covering, and parted; and 
then, being usually bidden, the cause is not easily 
fhscovered, and can sometimes only be repaired by 
fixing a new wire. 

80, too, cotton and silk are very good insulators ; 
bat a wire covered only with silk or cotto^^ es'ssi. 
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dotible or treble layers, ■would not last long ex.ce%'^ 
under conditions where no covering at all would "^ 
necessary. Cotton and silt both rot, especially -wb.e^'^ 
moisture is present; the covering falls off; aud y^^ 
may have two wires, supposed to be insulated, makir*-^ 
good electrical contact with each other and ringii* *' 
your bell. ^^ 

Wet cotton and wet silk too, as already explainec^'' 
are not insulators, but bad conductors; and consideriE^^^ 
the cross-section that will be exposed to the action o^^, 
the cuiTent in the case of two wires running togetker^ 
through a large house, its resistance may be sufficiently 
low to allow of a current passing that will be a aerioua 
drain upon the battery, and that will gradually oxidize 
one of the wires until it parts in some weak place. 

The wires for domestic house bells, therefore; for 
those leading from the pushes to the indicator, should 
never be smaller than No. 22 gauge, and would be 
very much better if No. 20. Even No. 18 would not be 
too large ; but No. 20 usually meets all requirements. 

The main battery wires should never be less than 
No. 20, and as much larger as you Kke. The covering 
will depend upon the situation. If it is a new house, 
and the wires are fixed before the plastering is done, 
they should be run inside bell tube everywhere, and 
the ends that are lelt oiit for connection to the pushes, 
bell, etc., carefully wrapped, otherwise they will be 
seriously damaged by the plasterer's tool. 

The covering for wires inside bell tube may be two 
lavers of rubber laid on in opposite directions under 
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tenaiou, with an outer covering consisting of two 
layers of cotton well varnished, or run through paraffin 
Wax ; or with a close stout braid, well varnished or 
paraffined. This will stand well, provided the walls 
of the house are not wet. A new house is, of course, 
always wet when fii'st built ; but some houses unfor- 
tunately never dry, and for these rubber would hardly 
■So, as rubber will not stand wet for long. Gutta percha 
should be used where it is anticipated that moisture 
will be generally present ; but again gutta percha does 
iiot stand a dry atmosphere nor a warm atmosphere 
long, so that if there is reason to anticipate either of 
tiese, it is not wise to use gutta percha. 

Callender's bituminous compound claims to with- 
stand either heat or wet, and should therefore be 
Bflitable for either situation. 

In fixing house bell-wires, great care must be taken 
not to damage the covering, especially in places where 
they are exposed to moisture. In drawing them into 
MS bell tubes, the inside of the tube should be 
examined, to see that there is no burr in it ; and the 
tnbe itself should not be too small. 

At junctions of tubes with each other, and where 
tliey join larger tubes, care should be taken that the 
coverings of the wires are not cut in passing over the 
sliarp edge of the tube, and that no portions of the 
wires are left exposed to the plasterer's tool. 
^ Great care is also necessary in making joints. These 
old be as few as possible. "Work from a whole coil 
Jer than joint, if you can; as a joiiA \% ^^k^ %s. 
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possible source of failure. Where you ara obliget 
remove the covering very carefully, so as not to 
nick the wire in doing so; if possible, burn it off; in 
either case, scrape the wire clean and make the joint 
shown in Fig. 51, which is known as a bell-hanger's 
twist. It must not be confounded with the bsll- 



Fig. Bl.— Ball-lianEer's Twist Joint. 

hanger's loop joint, shown in Fig. 52. This is utterly 
unsuitable for any kind of electrical work, as it may 
or may not make firm contact, according to the con- 
ditions surrounding it. It is wiser also not to solder a 
joint. For domestic bell work it is not necessary ; the 
close twist shown in Fig. 61, carefully made, does not 
oiFer any resistance of moment to the small currents 
used, and if it is carefully covered with a strip of 



pig. 52. — Eell-haiiger'a Loop Joint. 

rubber laid on under tension, two or three layers deep, 
it will not give any trouble. Sheet gntta percha, or 
Chatterton's compound, are also used for covering 
joints ; but they are not so good as rubber carefully 
laid on, if the latter be protected from moisture. 
Stapling of wires should be avoided wherever it is 
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possible, as in driving the staple home, the covering 
of the wire is often damaged ; and in the presence of 
moisture and the lime of the walls, you have a, small 
gal-vanie battery, which in time will eat both your 
staple and yonr wire in two. 

Especially should this precaution be observed with 
tk© main battery wires, as any action that can take 
place is always assisted by the presence of the cur- 
rent ; though the resistance of the couple so formed 
may be so high that its measured strength is inap- 
preciable. 

Further, when it is necessary to staple house bell- 
wires, as in those cases where the wires are fixed out- 
side the plaster ; say in houses that are not new, or 
where the owner prefers having the wires in sight ; 
care must be taken that no two wires 
are under the same staple if it is 
possible to avoid it, nor that two 
staples holding two separate wires are 
^ contact. In either case, connection Fig. 53.— staple fnr 
may be made between the wires, by ^'""'^'■'° »«" ^ork. 
the staple or staples, and a bell may ring or the battery 
™ exhausted in consequence. 

Wiere staples are obliged to be used, the flat form 
shown in Fig. 53 is best, as they are less liable to 
"linage the wire, 

The author has been informed that some French 
houses use a small bone insulator, secured to the wall 
"^iii a, tack, the wire being strained around it. 
Pushes. — The forms that a push may take are very 
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nameroua. Any arrangement that can be made to 
hold the two springa before referred to, in such 
manner that they are out of contact when the push 
is not in use, and are easily brought into contact by 
the pressure of the finger,— will answer for a push. 
They are made in all kinds of wood, in ivory, in china, 
in metal, in all sorts of patterns, carved wood, moulded 





fancy material, ornamental castings, painted china, 
glass, marble, serpentine, etc. 

Where they are of metal, china, or glass, the baclE 
is usually of wood or vulcanite, either serewing 
directly into a thread cut in the inside of the top of 
the push, or fitted to a metal fiange that screws 
to the top. Figs. 54, a, b, c, d, e, show some forms of 
pushes. It is far stronger, and more durable to hava 
a metal flange for the back of china, glass, and metal. 
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pushes, than a plain wood or viilcanite b£u;li, as the 
tlixead on tha latter ia so very apt to strip, if the front 
lias to be taken off two or three times ; and one always 
has to do this in fixing domestic electric hells, and 
during the time they are in use. 

The pear push, one pattern of which is shown in Fig. 
65, to which a silk rope is attached, is very useful for 

bedrooms. The rope is made long 

enough for the push to hang on the 

pilW, so that the bell it com- 

manicates with can be rung without 

getting out of bed. This is of very 

great service in case of sickness, or 

wtere servants have to be called in 

tbe morning. They have not been 

much adopted in hotels, from their 

Iwing so fTequentl3'' pulled down 

in the early days of electric bells, 

visitors mistaking them for the old 

form of bell -ropes, that a pre- 
judice has naturally been excited 

Bgainst them. Probably they may 

^ again introduced in those hotels 

where the comfort of visitors is studied. 
The roof-box is a necessary adjunct to the pear push 

Md rope, as otherwise, the weight of the rope and push 

would he on the joints to the leading wires, and the 

latter would be in danger of making contact with each 

other; added to which, it is not easy to make a good 

joint between a strand of very small wires, such as are 




contained in the silk bell-rope and a s 
roof-box is merely a sort of push-box, without a 
button or springs, hut with two brass plates act 
firmly to its base, each plate having two flat-hj 
screws — one for the leading wire, and one foi 
strand of the rope. The front of the roof-box unai 
in order that the connections may be made. The 
is led through a hole either in the under side or i 
front, the leading wires through the top, so that ' 
fixed the apparatus presents a very neat appeu 
One form is shown in detail in Tig. 56, 




It is necessary, of course, that the wood ba» 
pushes should be strong, of well-seasoned wood, 
should not split when screwed up. The springs m 
of the forms shown in Fig. 36, page 132 ; and they 
either be screwed to the base with two small sc 
and have a third flat-headed screw for the wire ; ( 
screws that hold the spring may be made a httle Is 
and do duty as terminals for the wire as well, 
former is by far tlie better plan, as it is easier to m 
good connection, and there is less chance of the s 
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Dofc Ijeing held securely in its place, TIiq bases of pushes 
sh.onld all be drilled with separate holes for each con- 
necting wire, large enough to allow the covered wire 
to pass through, so that the bare wire need not be 
exposed except where it makes connection with its own 
spring ; two larger counter-sunk holes for the screws 
that secure it to the wall should also be provided. 





FigB. 57, 58, 59, BO.—Paalioa and P 



^B^'^tigh the centre for the two strands, and some care 
. I^ceasary to prevent the wires coming into contact 
''^ tlie hole. 

. ■*'or front or back doora, the contact may be made 
,.*Xer by pushing in a centre piece, as with all the 



»tt». 



^rs, or by pulling out a knob as in the old pull bells. 
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In either case, somo form of barrel is usually attaclied 
to an ornamental bronze front, having the push or 
knob in the centre. Inside the barrel works a spindle 
or plunger against the tension of a strong spiral 
spring. The office of the spiral spring is to keep the 
two connections out of contact, until the pressure of 
the finger, or the pull of the hand, brings them to- 
gether. Figs. 57', 58, 59, 60, show forms of pushes 
and pulls for front doora 
The best form of arrange- 
ment for these out-door 
contacts is a pair of stout 
brass springs, held, in soniB 
cases, inside the barrd 
before mentioned, but in- 
sulated from it, and from 
the spindle or plunger. The 
latter carries at its end an 
insulated metal disc, which, 
■when the plunger is pressed 
in or pulled out, as the case 
may be, makes contact with the brass springs on each 
side of it, and so closes the circuit. On the hand 
being removed, the spiral spring before referred to, 
pushes back the insulated disc and breaks the circuit, 
A pull on this plan is shown in Fig. 61. 

Sometimes the plunger is made to form one contact 
and the barrel the other, connection being made when 
the plunger is pressed in. 

Another form of front-door pull has been adopted 




Fig. Gl.— Front- door Pull. 
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from the old pull bell, A brass plate, carrying a ring 
handle, ia mounted on a marble, slate, or hard wood 
base, which is fixed in the usual position. To the ring 
liandle is attached a stout bell crank, carrying a con- 
tact spring, and at its fulcrum is a clock spring, which 
winds up as the handle is pulled out. Attached to the 
pl&t«, but insulated from it, is a contact point, so placed 
that the contact spring can rub over it, as the handle 
ia puEed out ; and, on the handle being released, it is 
pulled back by the spring, the contacts separating. 
Tliis arrangement works remarkably well if properly 
fitted, as the rubbing contacts keep clean, and avoid 
ttie interposition of the resistance that sometimes 
arises from the dirt caused by the spark on breaking 
circnit. 

One point that has to be carefully attended to in 
™iuiection with front-door pushes and pulls is, the 
Complete exclusion of moisture from the contacts. 
This is sometimes exceedingly difficult to accomplish, if 
the wires are exposed to the atmosphere on their way 
'fl the push, as in the case of an outer garden gate ; or 
" any path ia left for moisture to pass through at a 
ftont door. 

The plan usually adopted for front or back doors, is 
™ make a hole in the atone door-post considerably 
'sfger than the barrel before described, but not as large 
** tile ornamental front of the push or pull. Into this 
hole a block of wood is driven, having a hole in its 
■^ntre just large enough to admit the barrel. The 
■itter is forced into the hole in the wood block, the 
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wires led to their connecting screws, ooiuiectioiis 
fully made, the hole plastered over on each side, andt 
the ornamental itont ftsed in its place. 

All push springs, and bell contact springs, exce] 
those where a rubbing contact ia formed, should be 
tipped with platinum. The object of this ia, to pre- 
vent the contact surfaces being so readily dirtied by tko 
small spark which passes whenever a circuit is broken. 
The spark so formed always carries over, from thft 
positive spring to the negative, a minute quantity of 
the metal of which the contacts are composed ; and 
naturally carries over more of the less refractory metals^ 
such as brass and iron, than of platinum. The minut* 
quantity of metal carried over is deposited in the foiia 
of a fine powder on the negative contact, and gives thff 
latter the appearance of being dirty. The fine powderj 
of course, introduces a resistance into the circuit, aii4 
so weakens the current ; and it may even cause 
beU to refuse to ring, if the layer of powder be ve 
thick, or the battery or electro- magnet of the bell' 
be weak. Platinum itself dirties, and even wearg' 
through in time, if it has much work, or is thinly pnfe 
on. 

Great care must be used in cleaning platinum con-> 
tacta. It is usual to scrape them gently with thflr 
small blade of a pen-knife ; but a better plan is to placft 
a piece of clean glazed note-paper between the coii- 
tacta, hold them together, and draw the pa,per gently- 
through two or three times until the po^wder is all 
removed. 
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L form of contact that is very useful for connecting 
ttt-door garden or courtyard gates to the electric bell 
system of the house is shown at Fig. 62, 

It consists of a pull contact, enclosed in a small box, 
and is worked usually by a crank bell-wire led from 
the gate, the contact box being in- 
side the house. 

Inside the circular box are usually 
two springs, which represent the 
two sides of the circuit, just as in 
the ordinary push or pull. A brass 
^6ver, which is worked by the crank 
hell-wire, makes connection between 
these two springs, and so closes the 
circuit. 

A spiral spring, whose tension has 
to be overcome by the crank hell- 
^ire, pulls the lever back in its place 
^■fter the pull is released. 

These pulls may also be used for 
hedrooms, as shown in the Figure 62, 
''he old-fashioned silk ropes being 
'^sed to actuate them. It must 
B'lwaya be remembered, however, in 
'i^'ng them, whether at an outer door 
™ in the house, that the old plan of 

piiling and releasing with a jerk will ^. ,„ „ ,, ^ , 
nni. e J Fig, e2._Pull CDQtac 

""f- answer with electric belis. The for Outside Gates o. 



Piill 



or rope should be pulled down 



'"' out, and held there for a few seconds, and then 
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gently released. Pulling it down or out violently, 
letting it go with a jerk, may damage the spiral spring 
in course of time. Any way, it is putting the appa- 
ratu9 to an unnecessary strain. 

Fire and Thief Alarms, — A very useful extension ofl 
the Electric Bell system is its adaptation for giving; 
warning of fire, or of any one entering a house at 
night. 

For either purpose, all that is required is a contact 
similar to a push in principle, that shall be actuated 
by teat or by some action of the burglar, such 
opening a door or window. 

It is obvious i'rom what has been said on the mal 
of branch circiTits, that the simplest arrangement, as 
well as the cheapest, would be to carry a branch 
circuit from the wires leading to the pushes in eac! 
room to the fire and burglar alarms respectively ; and 
to complete the arrangement, a large bell could be 
placed in a convenient position, where it can be heard 
by every one, the burglar included, and switched on 
at night in place of the indicator and bell used for 
the regular ser\-ice. The alarm bell could be p 
in the gardener's lodge, or even the police station. 

In some cases, however, it would be necessary that 
the room where the fire arose, or where the burglar 
was, should be indicated to the master of the house. 
When that is so, a separate set of wires are used, a 
separate indicator being fixed where desired, and a 
separate battery ; the automatic circuit closers taking 
the place of the pushes as before. 
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In the -writer's opinion, fire alarms might be used 
much more than they are. It ia now pretty well 
established that the first quarter of an hour is the all- 
important time in cases of fire. When a Are is de- 
tected early, it may generally be extinguished without 
serious damage having taken place; whereas, if it be 
allowed to gather strength, the damage it may do ia 
Only hmited by the state of the atmosphere and the 
materials that lie in its path. 

In America, where many of the buildings of the 
yotmger towns are of wood, the automatic tire-alarm 
system has been brought to a great state of perfection; 
engines being out and on their way to the scene of the 
fife within a few minutes of the temperature reaching 
^ Certain degree. 

Neither fire nor burglar alarms have been used much 
^ this country; and the Anthor believes that the 
'■^asona are mainly twofold. 

lu the first place, neither fires nor burglars are of 
overy-day occurrence ; and the British householder 
''^turally grudges the expense attached to any appara- 
tus that he does not consider necessary, and that does 
W-ot add to his convenience, no matter how beautiful 
'■ae apparatus may be in the abstract. 

And secondly, neither fire nor burglar alarms have al- 

ways been successful. In any case, it is necessary that 

'■hey should be tested periodically, and that the average 

Sritiah householder would have a decided objection to ; 

1 for large public buildings, for banks, theatres, 

a trouble should be well repaid. 
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A. description of the various forms of alarms in nse 
will reveal the causes of their failure. 

One favourite plan is, to have two pieces of metal, 
insulated from each other, connected to the two 
; representing the opposite ends of the circuit; 
and held apart by the pressure of the door or window, 
when shut, or by some substance that melts or elongate^i 
tmder the influence of heat. In each case, some form, 
of spring is held in tension the whole time that th^ 
alarm is not acting, and only comes into play when it 
does act ; the consequence beings 
that the spring is very liable 1 
be strained, and to refuse to act 
when required to do so. Straighl^ 
springs in particular, when held, 
back for long, are liable to re- 
main so. Also where moisture 
can enter, steel springs 
screws are hable to rust. 




Fig. 63. — Plunger Door even 1 



I liable t 



i shovrrxi 



i aprmgs i 
i-ontaot. become con-oded, 

there be any leakage on the circuit. 

The best form of contact for doors is the c 
in Fig. 63, where the closing of the door forces in a- 
small plunger, in opposition to the tension of a 8piir**J- 
spring, thereby breaking the electric alarm circuit; <:>D- 
the door being opened, the spiral spring forces tti® 
plunger back into its place, remakes contact, closes bl3-^ 
circuit, and rings the bell. A small brass plate shoul*^ 
be £xed to the door opposite the plunger, otherwise 
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ttie latter will wear a hole in the wood, and will then 
Hot be forced out of contact when the door closes. 

For windows, the form shown in Fig. 64 may be 
tised ; the trame of the window sliding over the 
bevelled button of the contact, and forcing it out, as 
it conies down; the reverse taking place as the window 
is pushed up. 

These alarms are very useful as calls 
for shop doors. In some cases the door 
ia made to work a contact during a 
portion of its sweep in opening, so that 
the bell rings for a few seconds, and 
then stops ; ringing again in the same 
■ay as the door is closed. 
In other cases, the bell is made to 
;g as long as the door is open, unless 
■when switched ofF by the attendant, 
"with a switch provided for the purpose 
tehind the counter. 

Another form of contact that ia 
sometimes used in shops, and that ^'''' co^'"^"" 
Blight be used anywhere, ia the floor 
contact. The floor, under the door-mat, is cut away, 
and suspended on springs. One or more contacts of 
the form shown in Fig. 65, consisting of a plunger 
jTffith a flat top, are placed in a convenient position 
fimder the board. Any one walking over the mat, de- 
Itresses the board, and with it the plunger of the floor 
contact, closing the circuit and ringing the bell. 
Great care is necessary in fitting door and window. 
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contacts, or any other form of automatic arrangeinent. 
The apparatus must not come into operation when ik ] 
is not wanted. The householder will soon vote the 1 
whole thing a nuisance, if his family are aroused iu| 
the middle of the night for nothing. The changes I 
of temperature, and the varying fitting of doors and-j 
windows consequent thereon, must neither cause thei 
alarms to refuse to worli when required, nor to work' 
when they are not wanted to. It must not be possible,' 
for instance, for the shrinking of a' 
window or door frame, in cold weather, 
to give sufficient clearance for the 
spring to make contact; nor for the 
warping of the outer frame of door or 
window to cant the moving portion of 
the apparatus, so that it cannot find ita 
mate. 

Further, all the wires should be out 
Fie. 65.— Plunger of sia;ht, and out of reach of scientific 
Floor Cootaot. , ? t, ■ ,■..-, „ , 

burglars. It 13 stated that one of the 

strong rooms belonging to a safe company in New 
York, is fitted with two metallic linings, insulated from 
each other by a thin layer of paraffin paper, or other 
material; so that, should the scientific burglar put his 
chisel through, with a view of cutting the wires, he 
will make connection between them and ring than 
alarm. ' 

The best form of electric fire alarm consists of two 
springs or plates of different metals, such as brass or 
steel, insulated from each other. When at normal 
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temperature they are not in contact. On a rise of 
temperature occurring in their neighbourhood, one 
spring expands more than the other ; and so, one end 
of eachheing fixed, the other ends come into contact 
through the greater curvature of one of them, owing 
to their different rate of expansion. In some, the 
cnrvature given to a composite metal bar when heated, 



Rs feee end against a contact piece, as shown 
_ 6. In other forma the contact pieces are kept 
<5laar of each other by a substance which melts at a 
'^rtain heat, and allows a spring to pull them together. 
In Fig. 67, a thermometer has been adapted to the 
'iffe, platinum wires being sealed into the bulb, and 
|i 'Oto the stem, at a point opposite the degree at Vfe^ 
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at which the alarm ia to come into action ; or infa 
top, the wire being allowed to project down the 
to the given point. This won] 
the simplest form, if it were reKi 
but the wi'jter understands 
there is a difficulty in getting 
mercury to leave the second ' 
after it lias once been forced i 
it. The contact is made, of co 
hy the column of mercury con; 
ing the two platinum wires, 
latter taking the place of the 
springs. 

The proper designing of 
alarms suitable for each cas' 
a matter requiring considei 
thought and practical experin 
That which is suitable for a pri 
house would probably be unsur 
for a theatre, and both wouli 
unsiiitable for the hold of a 
Again, the apparatus that n 
answer for a cargo of cotton n 
not for a cargo of coal. 

The Author believes that if 

branch of the subject be pro] 

attacked, many lives and much 

perty will be saved. 

Faults, or Causes of Failure. — -The causes of fa 

of Domestic Bells are usually very simple, very e 




Fig- 87. 
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found, and very easily repaired. First, suppose tliat 
none of the bells in a house will ring. Clearly the 
cause must be in something that is common to ail the 
bells. Either the battery, the bell itself, the indicator, 
or a wire leading to all the pushes, must be at fault. 

In such a case, always begin with the battery ; or 
in fact, in any case, when proceeding to look for faults, 
begin with the generator, whatever it may be. 

Electrical Engineers, when called in to put some 
apparatus right that is not working, would always do 
"Well to spend a few minutes in finding out exactly how 
it has failed — what it will not do. The user generally 
■\rili only say at first, that the thing will not work, 
and that it is a great nuisance; but a few judicious 
<qHestion3 will extract all the information required, and 
save a great deal of trouble. 

First then, test the battery, as already described, page 
^17, Fig. 30. If that is all right, carefidly examine the 
indicator and bell, and look for broken wires. The 
«nds of wires that are scraped bright, and clamped 
Tinder terminal screws, become brittle in time, and may 
T>6 broken off by the flick of the housemaid's duster. 
Occasionally, too, the wire itself wiU be broken, and 
; remain in position, held by a portion of its cover- 
, or by the coil that is usually made at the end of 
a wire, to allow for these breakages ; so that a close 
wrutiny and a somewhat practised eye is necessary to 
I detect the breakage. Also, if there are indications of 
damp anywhere on the walls, carefully examine the 
wires in its vicinity. If the covering of the wire is 
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thill, moisture may have worked tlirough, attacked tiia 
conductor, and with the assistance of the current, or 
some flaw in the wire, parted it inside the covering, 
The surest sign in these cases is the green oxide of 
copper,— verdigris, — which always forms. Wherever' 
this is visible, trouble will follow. 

If nothing cau be discovered, take a piece of covered 
wire, connect it to the same end of the battery to which ' 
the main wire leading to all the pushes is attached,' 
and connect it to the following in succession : — 

Each terminal of the indicator. 

The terminal leading from indicator to bell. 

The beU terminal on the indicator side. 

A rule that may as well be stated here for finding' 
faults, such as broken wires, etc., is: Connect the 
faulty wire or apparatus with the generator, in this 
case the battery, so as to have a difference of electrical ' 
potential between two parts of the circuit, that can 
easily be got at. Connect these, at successive pointa, 
by a wire, in which is inserted some apparatus, such 
as a galvanometer or bell, that will show the presence 
of a current ; working outwards from the generator. 
"When you lind two points, or pairs of points, between 
which a sudden change occurs ; such as, at one point 
you have evidence of a strong current, and at the 
other either no current at all or a very mnch weaker 
onCj the fault lies between those two points. In the 
present case, your battery is connected to the two wires 
leading to the pushes ; on one side being the main 
battery wire, and on the other the indicator and lin6 
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wires ; so that the required difference of potential is 
present, Connecting one end of a wire that you know 
ia sound,— and in which yoii may insert, it you hke, 
a detector galvanometer ; though this is not usually 
necessary, the indicator and bell answering the same 
purpose, ^to the battery terminal from which the main 
wire issues, and touching its other end successively on 
the points named ; if the fault be in either the indicator 
or the bell, the failure of these to work, and there 
being no deflection of the detector galvanometer, if 
one ia used, will denote the fact. 

It will easily be understood that when you connect 
your testing-wire to the various points named, you 
close the circuit through different parts of the ap- 
paratus. Thus, when you connect to the indicator, 
you have a circuit comprising battery, bell, and in- 
dicator, and the wires from the battery between bell 
and indicator only. When you connect to the bell 
tiBrminal of the indicator, you have the bell, and the 
wires from battery to bell, and from bell to indicator 
only in. Aa you pass on, you out out, first the wire 
connecting indicator to bell, then the bell itself. 

It will be obvious also, that if the beO refuses to ring 
when you connect to the line terminals of the indicator, 
—those to which the wires leading from the pushes 
are connected, — and it rings when you connect to the 
WU terminal of the indicator, the fault must be ia the 
indicator itself. 

A Httle thought is sometimes necessary here, to avoid 
t'Smg misled, as we may go hunting for a btoteo. -^^^ 
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inside the indicator, pulling tlie more or less de 
mechanism about, when it may be that the batt 
weals, though it has not actually ceased to furc 
current. The bell may ring by itself, and refi; 
ring with the resistance of the indicator coila i 
to the circuit, especially if either bell or batte: 
weakly constructed, withoiifc any reserve of powei 
the indicator coils be of high resistance. 

A galvanometer comes iii here. If you have i 
vauometer in the circuit, you can tell at once i 
have a total break or not. 

If you find a total break, or a great dimlnut 
current strength with either the bell or the ind 
bell only in circuit, proceed to test through the 
ratus at each point where a connei^tiou is made til 
find the two points as before. The cause in i 
apparatus may be a wire eaten in two at the b( 
the bell or indicator, owing to its being placed 
damp wall and not properly protected. The er 
coil wires are often taken through the backbos 
an apparatus, sunk in a groove there, and bri 
through again at the terminals, or soldered b 
latter underneath. This arrangement gives a 
appearance, but may prove troublesome, unles 
wires are well protected with either paraffin w 
some other suitable substance. Where wirei 
soldered to terminals, if the wires are small, thi 
danger of a fault later on, unless the soideri 
very carefully done. 
Another rather couiniow ?o.\\\t is, the inside ec 
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coik of wire break off short just wliere they are 
coiled up to connect. The brittleness before referred 
to will account for this, and it may be also caused by 
vibration, or by the wirea having been sharply bent 
over the end of the bobbin on which it is wound. In 
any case, the coil must be stripped and re-wound. 

Other sources of trouble, which have already been 
mentioned, are faulty contacts in the bells, springs or 
screws working back, bell-domes working loose and 
away from their hammers, and dirt between contact 
^loints. 

If neither the battery, the bell, nor the indicator are 
at fault, it must either be the main wire leading to all 
the pushes, or the pushes or their line wires themselves. 
Tt is more probable that the former is the case ; but it 
can be ascertained for certain by making the test-wire 
long enough to reach to one or more of the pushes, and 
testing by connecting to each in succession. If the 
bell now rings and the indicator works, it will be clear 
proof that the main battery wire is at fault. It is 
prohably parted. If the wires are in sight, the testing 
may be carried further by bridging over each portion 
rf the main wire in siiccession until two points are 
found, at one of which, when the test-wire is connected 
to it, the bells ring as they ought, and at the other they 
do not. The piece of wire between these will require 
to be renewed, unless a more searching examination 
BTeals the actual fault. 

Tiers the wires are concealed inside the plaster, a 
if wire must be fixed. It can be caficied Qii.\?,v4& ^k-rA 
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round the skirting boards, etc., to the nearest posh, vlteif 
probably the connection between all the pushes will be 
snfficient for the rest. There is no difficulty in doiig 
this, and a carefol workman will so arrange matteis 
that the new wire is not unsightly, even if it is visible. 

If the complaint be, that one or more of the rooma 
cannot commtinicate with the kitchen, or wherever the 
indicator may be placed, the fault, if not in the intU'^ 
cator, may be either in the pushes themselves or iit 
one of the wires leading from them. If the roomff 
which are " off" are supplied by one branch of the maiit 
battery wire, most probably that is at fault. 

To make sure, however, carefully examine all tho 
pushes, removing the fronts ; and if a galvanometer 
be available, test for the presence of a current by coif 
Ti acting the galvanometer wires to the wires connected 
to the push springs, and compare the deflection, if any, 
with that given at a push which is not " off." 

The long and short circuits of the detector galvano- 
meter are very useful for this work. Usually, when 
everything is in order, a moderate deflection is obtained 
on the short or thick wire circuit. "When the battery' 
is weak, and things not quite in order, no deflectioa 
may often be obtaiued on this circuit, leading to the 
erroneous conclusion that there is an actual break. 
The long circuit, however, will show a deflection as 
long as there is no actual break ; and it is therefore 
possible, by testing with both ckcuits, and comparing 
the deflections obtained with former tests, to form 
fairly accurate judgment as to the cause of failure. 



eleothxo bells. its 

It will sometimes tappen in the case of pushes, as 
'-^^ wires, -where they have been fixed upon damp 
^alls, that the damp has found its way into the push, 
destroying the connection by the layer of oxide or 
chloride of copper formed. Sometimes the effect will 
be only to weaken the current by the extra resistance 
offered by the film of oxide ; in other cases the wire 
may be eaten quite in two. More frequently, where 
a fault occurs at a push, it will be due to the wire 
having broken off short where it is clamped under its 
screw ; and it will often cause considerable annoyance 
by sometimes touching its spring, allowing the bell 
to ring, and then a little later, perhaps owing to some 
vibration in the house, say, due to a passing heavy 
vehicle, the connection will be broken, and it will fail. 
Either of these faults, breakage or oxidation, are 
visible immediately the push is examined ; and the 
latter generally gives warning, by its bell ringing 
weaker and weaker as the oxidation progresses. Oc- 
casionally, where push springs are not tipped with 
platinum, the dirt formed by the spark will cause 
trouble, as before explained ; but this is usually where 
other parts of the system are weak. If the battery 
and bell are as powerful as they ought to be, the 
ringing rarely stops from that cause. 

A not infrequent fault with the pear pushes and 
silJt ropes that have been described, and a somewhat 
troublesome one, is a break in the flexible wire inside 
the cord. In order that it may be very flexible, these 
are made of a number of very fine wires 8ttaa.de,d 
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together and then covered with silk ; the completeAl 
silk strands being laid up together into an elegai 
rope. 

It may happen that the rope is a trifle too lonj 
and ia shortened by a knot being tied in it. After a ■ 
time, the sharp kink formed by the knot parts one 
after another of the small wires in the strand, till all 
are broken, and the bell fails, but in a most exasper- 
ating manner. Sometimes it will ring, and the nest 
minute fail to do so. The reason is, the broken ends 
of the wires, lying very close together, come into con- 
tact when the rope is in one position, say curled up, 
and do not make contact when the position is altered 
by some one having used the push to ring and let it 
fall , 

To find out if the fault ia in the rope, in these eases ; 
test at the push springs, and again at the roof bos, 
where occasionally similar faults may occur to those 
described in pushes. If there is much difference in 
the deflection of the galvanometer needle at these two 
places ; or if the bell rings when a short piece of wirq 
connects the two terminal plates of the roof bos, and ' 
does not when the ends of the flexible wires are con- 
nected, remove the push and carefully examine the 
rope, looking for a place where one of the strands is 
not so Eohd as the others. The break can often be 
detected in this way by an experienced hand. In any 
case, the rope must be cut off at the break, as it cannot 
be repaired. If, when the damaged piece is removed, 
the rope ia too short for its purpose, a new one must 
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If the break cannot be found by a careful 
^^spection of tlie rope, it can with certainty by cutting 
^6" successive portions, connecting the enda of the 
^ires each time, until the bell rings again, when the 
i'anlt will have been cut off. 

If the fanlt ia not in the pushes, bridge over suc- 
cessive wires. First, if several pushes are off, bridge 
Over the main wire, by leading a sound piece of wire 
irom a push that does not ring to one that does. If 
tlie bell now rings, it is the main wire which is at 
fault, and this may be replaced by leading a new wire 
from the pushes that have failed to any convenient 
one where the main is still good, fixing it as described 
above. 

If it proves not to be the main, the fault can only be 
in the line wire, leading from the push to the indicator. 
Bridge this over temporarily to test, as already de- 
scribed, and then permanently, as with the main wire. 
Faults in special bells, such as from servants' room 
to master's bedroom, etc., are dealt with in exactly 
the same manner, remembering that the break, if it 
be in a wire, may be in the main battery wire to the 
push, the line wire from the push to the bell, or the 
return battery wire from the bell to the other side of 
tlie battery. 
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ELECTSIC MQQXO SIGXAIS, 

SiosAiuse by electricity in mines was first introdnc^^ 
in Yorisliire, &nd in one colliery in Sonth Wal^*' 
Cwmaman, not long after the introdaetiOTi of electr*^ 
bells into domestic life. The early signala were ^' 
great disadvantage owing to the want of a simpl^ 
battery that would stand the hard work that wa-^ 
required of it ; and even when the Le Clanche batier^^ 
was introduced, it was so little onderstood that it wi 
speedily condemned for mining work. The small L«d 
Clanche cells that were nsed would not stand the fr» 
quent short circuits, and other drains upon it that wen 
common in mining work, so recourse was had to th( 
old Daniel], the only battery then known that wonldJ 
keep up to its work. When the Author first took np 
mining work, in 1876, he was handed over a battery, 
the invention of his predecessor, that apparently stood 
short circuiting better than the Le Clanche, but 
gradually displaced by the Le Clanche, as the valuable 
qualities of the latter became better understood. 

Another grave mistake that was made in the earlier 
signals was : everything was too weak. In some cases 
the bells that were not doing very well in private houses, 
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Were thought good enough for collieries, Small wires, 
badly insulated; smttll battery cells; weakly con- 
structed ringing keys, with no provision against damp 
or rougli usage, were generally used ; and neither the 
contractors who fixed the signals nor the officials of 
the mine understood the work as they ought. More- 
over, the former frequently endeavoured to keep what 
little knowledge they did possess entirely to them- 
selves, even going so far as to [look up the battery 
boxes, and refusing to assist the offieials in any way to 
become masters of tho apparatus, for fear it should 
'ead to their losing business. They also, in many 
fflstanees, charged prohibitive prices. 

la all mining work, two things are necessary before 
all others; viz., strength and simplicity; and no 
matter how beautiful an apparatus may be, it should 
staud condemned unless it fulfils these conditions. 

The bells should be made large, all their parts 
strong, with proper provision against changes of tem- 
perature, vibration, etc., and the electro-magnets 
sliould be very large, so that there may be a large 
reserve of power, as already explained in the chapter 
on Electric Bells. 

Sells and Keys. — Six inch, eight inch, and eleven 
'"ch bells are generally used for mining signals, and 
more frequently single-stroke bells than tremblers, as 
they give a clearer signal, and do not get out of order 
w easily. The electro-magnets of the 6 in. single-stroke 
'I'lmng bells made by the Author's firm are turned out 
^' 2 in, round iron, and the 8 iu. out of 2\ m,., e>"jex-^- 
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thing else being in proportion. The earlier bells 
made with | in. iron cores for fi in., and 1 in. for 8 in,- 
bells, stont brass collars being used for coil endw 
Though some of these bells have been in use twalT*' 
and fourteen years, there has not been a single instance 
of one coming in for repair. 

It is also not wise to make the resistance of mining 
bells too low ; as, being subject to such frequent 
changes and short circuits, the battery would be very 
much more severely strained than where the resistance 
is moderately high. As, too, a higher resistance means 
finer wire and more turns, the proper working current, 
being smaller, is more easily maintained than whera 
the turns ate fewer and the resistance lower. 

Ringing keys or contact makers form a very 
portant feature in mining signals. They also 
to be made very strong. Except for dry roads, cabins, 
or engine houses, wood mountings will not answer at 
aJl; and it is questionable if iron would not be better 
everywhere. All connections between the wires lead- 
ing from bells or batteries to the keys should be in 
sight, and easily to be got at ; the reason being, that 
where damp is present, it always forms a film on the 
outside of the wire or its covering, and follows the 
latter to its destination, the terminal screw. As it 
cannot be covered there, it always proceeds to attack 
both wire and terminal, forming the green oxide of 
copper already referred to, and in time destroying the 
connection. If the connection to the terminal screw 
is hidden^ as in some fovms of keys, the action goes cm 
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^11 the same, only that no warning is given, and the 
signal sndfionly fails witli nothing to show the reason ; 
whereas if the termintils are in sight, the green oxide 
is visible and can easily be cleaned off from time to 
time before it can do much real harm. 

Figs, G8 and G9 show the Mining Key made by the 
Author's firm for shaft signals. 

It consists of a metal box made in three parts, 
the joints being dovetailed together. One part forma 




OulsMo Viow o£ Sliafl Key lor MiiiiBg Signola. 

9 body of the box, and is of iron, having three lugs 
for the screws which hold it in its place. The lugs are 
arranged so that the key stands away from its support, 
allowing any water that may be present to run dowd 
behind. 

The front of the key is also of iron, and carries a 
■pair of lugs which form a hinge for the iron lever 
which is shown, The front is secured to the body of 
tlie case by three screws, so that it ca.-n. \)ft le.-m^N'eo.., 
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and the working parts examined without stoppm^t 
signal. 

The bottom is of brass, and carries the working- 
parts of the key and the terminals. The working 
parts consist of a bent brass lever, pivoted aa oh"WTi 
in Fig. 69, held by a strong spiral spring at one end,^^ 
and working between two stops at tlie other. Thcs^ 
stops and the fulcrum of the lever are moimted on n - 
vulcanite standard secured to the base. 




Fig. Gfl.— Inside View ol WaUter and OUiTcr's Shaft Mining Key. 

A brass pin passes through a hole in the 1 
the key and through a brass guide attached to thog 
vulcanite standard, and it is this which works tho 
internal brass lever, being itself actuated by the iron- 
lever pivoted on the front of the box. The terminals 
are all attached to the base of the key, their connect- 
ing screws projecting holow it and their connections 
to the lever being inside the box. The terminals are, 
of course, insulated from the brass base piece. 
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It ■will be seen that the above arrangement is very 
rong, and that damp cannot easily penetrate to the 
inside of the key. 

"Where the key performs the double oBice of trans- 
mitting signals and receiving them, the brass lever 
^6st3 Tipon a stop which is connected to a terminal 
lea,ciiDg to the bell. The lever itself is connected to 
^l>-^> terminal to which the hne wire is attached, and 
tb-^ upper stop with which the lever makes contact 
^l:i-«n forced up is connected with a third terminal 
«a,,jiijg to the battery, 

>Vhere the key is only re- 
1^^«J-red to close the circuit, and 
^* "transmit a signal, and is not 
^^*^nired to receive one, the 
'"^ "^^^^er stop and its terminal are 
ooriitted. 

^ig. 70 shows one form of 
pLiringer key, that is used some- 
^'*^tie3 on coUiery banks where it is not much exposed 
t* -the wet. 

It consists of a dome or cone, mounted on a very stout 
"^^^rd. The dome carries a plunger in the centre, 
^***iething similar to that used tor front-door bells, but 
^'■■*'<^nger. It is kept back by a strong spiral spring 
^l».en not in use. The board carries a spring working 
^'-'tter between two stops, or simply facing another 
^^■'^J), according as it is required for single or double 
'"'Oi'k; for transmitting and recei\Tng, or only for 
*''^^lLsmitting. 




Fig. 70.— riunger Key. 
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The connectious to the terminals are sunk iu th© 
face of the board, and the terminals themselves ara 
placed on the face ; the object being, as before, to keep- 
them and their connecting wires in sight, so that any 
of the green verdigris that forms can be removed. 

This key more nearly fits the colher'a ideas wheH' 
the knob of the plunger is made large, as he can hit it 
a blow with his fist, or bring all his weight to bi 

it behind the palm of 
his hand ; but it ifl 
unsuitable for pit bot>- 
toms, as the board 
itself would get satu- 
rated with wet, and 
then form a leakage 
path for the current. 
The dome of this key 
is sometimes made in 
brass, but more fri 
quontly in iron ; when 
made in brass, it is 
usually mounted 
polished mahogany board, the connections being led 
through the base by pieces of insulated wire, jointed 
to the leading wires outside. 

This form has been used for shaft signals, and on. 
roads ; but the Author understands that it has always 
given trouble where damp is present. 

The joints outside are also objectionable, as they. 
3 som'ces of failure, 




I'ig. 71 aliows a ibrm of koy, intendetl to close the 

I circuit and transmit signals only, that Las been de- 

I signed by the Author for Cornish and lead mines, 

where a ntimber of keys are required, and where it ia 

very wet, 

Its form is similar to that last described, but the 
dome and the base are in one casting ; the object 
being to prevent water getting to the contacts, wliich, 
as will easily be understood, are the vital points of all 
ciixuit closera. In this key the plunger forma one pide 




Fig. 72.— Wood Case Key, tor Dry Eooils, ot Surface Work. 

of the circuit, being insulated from the dome by a 
vulcanite collar ; and it makes contact with a stop at 
the bottom of the base when forced in. One terminal 
is on the outside of the casting, and the other is 
attached to the plunger collar, both being in sight as 
usnal. 

Fig. 72 shows a form of ringing key that ia used 
for dry roads, cabins underground, etc., whore only a 
circuit closer ia required. An oak board haa a stout 
straight brass sprmg secui'ed to it by one end, the 
other end being fitted with a thumb-piece, above and 
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a contact-plccG below. Fixed to the loard opposite 
tlie contact-piece oa the spring, is a second contact- 
piece, Eis shown. When not in use, the spring is held 
down by a bridge at a convenient distance fi^m the 
lower contact. A wood cover and two terminals for 
connection, complete the arrangement. One terminal 
is connected to the spring, and the other to the lower 
contact, and the circviit is closed by pressing the 
spring down, till the upper contact touches the lower 




Fig. 73.— Inside of Tnppi^ Bell ; !.e. Bell willi Ecj al'.achcd. 



Uecently the Author has modified this key by using 
an iron case, in place of a wooden one. 

The case is made in two parts as before, the spring 
. being secured to the iron base, and the case itself 
forming pai't of the circuit. Where this is an incon- 
venience, the spring is insulated from the case by, 
means of vulcanite. Tho object in this design lia^ 
been, to obtain greater strength. 

Fig. 73, shows what is known as a tapper bell ; thab •* 
is to say, a bell with a ringing key attached. It ia 
used for surface signals generally, and sometimes. 
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especially in tlie North of England, for underground, 
where it is required to ring from station to station. 

The bell is constructed as before, except that the 
electro-magnet coils are usually smaller, since they are 
not subject to such hard work as the others. 

The key is adapted for sending a signal and re- 
ceiving one. It may be either a lever pivoted near 
the centre, having a contact at each end, or it may be 
constructed similarly to the key shown in Fig. 72, page 
183; in this form, the bridge against which the spring 
rests when not in use, makes the back contact. The 
back contact is connected to the bell coils, the front 
one to the battery terminal. 

The connecting wires are usually under the wood 
base of the bell case, which is made hollow for that 
purpose, and three terminals are attached to one end 
of the base — for line, battery, and earth. 

In mine signals the line wire is the one that con- 
nects the key at one station to the key at another, or 
to the bell, if there is no key. It is always carefully 
insulated. 

The battery wire is the wire leading from one pole 
of the battery to the ringing key, or to the bell, where 
there ia no key. This ia always very careful! y 
insulated. 

The earth, or return wire, is the wire leading to 
earth or gi'onnd, where that is iised, or that connects 
together the ends of the battery and of the bell coils 
■which are not connected to the key. It forms a return 
"path for all circuits. It need not be insulated, ex.w}|*^ 
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■where there is a difficulty in obtaining good insulatu 
on the line wire. 

The signals at present in use in and about mini 
are; — 

The Engine-plane Signal. 

The Shaft Signal, and 

The Surface Tapper Signal. 

With the Engine-plane Signal, of which many more' 
have been fixed than of any other form, a bell and 
battery are placed in the engine-house, the bell as near 
as convenient to the engine-man, and the battery where- 



Fig. 74.— Dingram o£ Connections of Two-nire EnEine-plaae Sigaa!, 
ivilh Olio BiiU. 

it may have the advantage of a medium temperaturt 
at all times ; or, if this is not obtainable, in the situa- 
tion which most nearly approaches to this conditioij, 
and which is also dry. Connected to these by b 
of insulated copper wires are two naked non wires 
which run side by side for the full length of the enginot 
plane. The connections are arranged as shown in Figi 
74, BO that by forming clean metallic contact betweeafl 
the iron wires, the circuit ig closed, and the bell rings. 
It is manifest that such a signal, if reliable, must bet 
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of immense value m mining work. In many cases, it 
is perliapa not too miicli to say that it has secured the 
success of a given system of mechanical haulage. 

It xisnally happens, in coal mines particularly, that 
haulage roads, when first laid out, wind a good deal, 
the hewers having followed the path of least resistance. 
Often very sharp curves are encountered ; and in the 
long wall system of coal getting, as worked in some 
collieries in Derbyshire the junctions are so many that 
it has been found absolutely impossible to successfully 
operate a mechanical signal. Again, it frequently 
happens that the balding engine is on the surface, tlio 
rope being led down the shaft, and groat difficulty is 
experienced in communicating quickly with the e 



To the electric signal these cases present no diffi- 
culty whatever, provided that it be properly con- 
stmcted. No multiplicity of junctions or of curves 
make any difference in its efficiency ; and it will ring 
its bell as easily on top of the deepest shaft, from the 
extremity of the longest road, as from 100 yards" dis- 
tance. 

Where the engine is on the surface, a second bell 
may be inserted in the circuit at the pit bottom, to 
ring with the engine-house bell, so that the man at the 
pit bottom will be informed of all that is going on. 
Fig. 75 shows this. It will be wise, where this arrange- 
ment is used, to add a few cells to the battery, to 
overcome the additional resistance of the bell, and to 
provide for the additional work the battery has to do.- 
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This ia not alisolutely necessary ; as, if the bd'll and 
battery have been properly arranged in the first in- 
stance, the insertion of the second bell wiU make no 
apparent difference; but it will mate a difference in 
the cost of maintenance, and in the attendance required 
to the battery, as the work done upon the second bell 
is taken from the reserve of power in the battery. 

Another modification that is often arranged, is the 
addition of a bell at the far end ; or in-bye end of the 
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road, as it is called in the North of England ; to ring 
simultaneously with the engine-house and pit-bottom 
bells, where there is one of the latter. 

To accomplish this, the same two iron wires are h 
used, and earth or ground, at the battery and in-bye. 
Fig. 76 shows the connections for this an*angement. 

As it ia sometimes difficult to obtain good earth at \ 
the end of an engine plane, — that is to say, as it ia 
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' of^n diffieult to obtain a good conducting path for the 
current, through the crust of the earth in which the 

' mine is formed, — a third wire is sometimea uasd in its 
place. This wire need not be insulated, but should 
be stapled well back aai of the way. It is always 
better to use earth if possible, as the addition of the 
third wire destroys the simplicity which is the great 
desideratum in mining work. If the mine is at all 
damp, there is usually not much difficulty about the 
matter ; and even in very dry mines, if proper arrange- 
ments be made to secure a large surface of contact 
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Fig. 70.— Dingrnm o[ Two-wira Ensine-planfl Signttl, with a 
Beeond Dell In-bye, auog Earth lor Beturn. 

with the body of the coal ; almost the only exception 
■would be, where the coal seam is very thin and ita 
surroundings hard, dry rock. 

On the surface, or near the engine-house, there is 
rarely any difficulty in finding earth ; but it must 
once more be pointed out, that here too, a compliance 
with the conditions imposed by the laws of resistance 
is necessary. The end of a wire touching the ground 
■will not make good earth, because the contact resist- 
ance between the wire and ground will be too b.ig,h.. 
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Another modification of the engine-plane signal i 
shown in Figs. 77 and 78. It is the one generally used 
■with endless ropes and it consists of a number of bella 
at different parts of the engine-plane, usually at junc- 
tions, in addition to the regular ones at the engine- 
house and in-bye. 

This signal may be worked either by " earth " at 
each station, as shown, or by a return wire, the forme* 
being preferable for convenience, tlie latter for sa: 
as the multiplication of earth connections is rather aj^ 
to lead to trouble. 



Fig. 77. — Diaeram showing mi Ensiue-plane Signal, witli five BoUa 
I'ingiDg together, the Bells CDunooted ia BariaB. 

The bells may also be arranged either in series, at 
Fig. 77, or in parallel, as Fig. 78. The fonu^ 
makes the least drain on the battery, hut demands th^ 
largest number of cells ; the latter is more convenient 
and less liable to get out ot order, if the battery and 
bella be properly constructed. 

The great danger in using " earth " always is, tli5 
greater possibility of leakage ; and for that reason, i| 
the cells are too small, the parallel-earth system very' 
quickly breaks down, in a damp mine. 

Tie bella used for engine-plane signals are, 6 in. < 
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L ; in a few cases, ■whero engines are very noisy, 11 
; sometimes single-stroke and sometimes trembler, 
re frequently the former, though the latter has 
I xnany favourara. 

Whether 6 in, orS in. is a matter depending upon the 
money to be spent and the situation ; but the 8 in. if 
properly made, is usually worth more than the differ- 
ence in cost between it and the 6 in.; and, on the prin- 
I oiples already so frequently detailed, will save the 
increased cost in decreased maintenance. 

The iron wire used is ordinary telegrnph wire, well 
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[, either No. 11 or No. 8. The latter makes 
the neatest job, stands best, and gives an increased 
margin of reserve, by reason of its lower resistance. 
One of the greatest difficulties that engine-plane 
signals have to contend with, ia breakage from falls of 
roof, leading to numerous joints, usually not too well 
made. 

These joints offer considerable resistance, owing 
partly to the dirt, oxide, etc., that is present between 
the opposing surfaces of the wires, but more to the 
bad contact that is made between tiieTa. SovsAa "vii- 
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naked iron wires should be made either aa Fig. 79, thi 
lapped joint, or the twist joint already shown for sme^ 
■wire in Fig. 51, page 150. The ends should be serapi 
clean, in every case, before making the joint ; 
whether a twist or lapped joint is made, the two sn: 
faces should he so firmly in contact as not to offi 



F'g. 70.— Lapped Joiut. 

much resistance. Under the very best conditions it 
will offer a resistance considerably higher than that of 
a single wire, and every bit of dirt adds. Miners' joints 
are usually made with two loops hooked into eacli 
other, as Fig, 80. When the wires are pulled very 
tight, these joints offer a moderately high resistance ; 
but if from any cause they become slack, the resistance 
may be very great indeed. 



Fig. so.— Loopod Jaiat, as nsuallj made in Mines. 

It is for this reason that the Author has so strongly ' 
recommended a margin of power everywhere. Where 
either battery or bell are made weak, or even with 
a moderate reserve, suck as would do for most work, 
the first miner's joint stops the working of the signal, 
Diving' to the large resistance offered having reduced 



TSLECTRIG illNlKG SIGJSTALS. 

the working cuiront below that at which the bell will 

ring. 

In one case, at Linby colliery in Nottinghamshire, 

all the signals underground were constructed with 

galvanized strand wire, 7 No. 16's. Tliis, of course, 

added considerably to the cost, but it very materially 

increased the efficiency of the signals. Breakages of 

wires were very rare, and the reserve power was high. 

It is right to say, however, that falls of roof arc not 

common at that colliery. 

Another modification, carried out at the request of 

the manager of Linby Colliery, 

was an arrangement to work all 

the signals from one battery, 

which was made very large, and 

placed on shelves in a cabin near 

the pit bottom. Each signal was 

fitted with the phig switch 

shown in Fig. 81 ; and in case of 

anything happening on one road, 

the engine-man immediately disconnected that signtd, 

so that the others were not affected. 

The great objection to this plan is, that it throws too 
much dependence upon the engine-man's memory. If 
he omits to disconnect, the other signals are thrown 
oat of gear, as the whole strength of the battery will 
usually be absorbed by the one signal, aud the battery '. 
itself will rapidly work down. Added to which, the 
fact of such a large number^f cells being in use to^ 
EPther, wilt cause tlielli to oreali down -motCi (^\(i\i"3 
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under a, SLiddeu strain. The whole difficnity would 1 
overcome, of course, by making the cells very large' 
indeed, so that a connection on one circuit made no 
difference, and using only the num- 
/"^JIl ber required for the longest road. 

tlW 11 '^^^ Insulators used on engine- 

l",0»)w plane signals, are usually of the 

^•dir\!Hf small reel form shown in Fig. S2. 

F^p,, S3,— Keel Insnlotor A long screw paeses through the 
'""^ 'si"n'^B^''"'^ h(3:6 in the centre, securing it to 
tho prop or beam ; and the iron 
wire is laid in the groove and securely bound in. 

The usual method of fixing is, to place two of these 
insulators on one prop, or beam, about from 4 in. to S 
in. apart. The nuiiiber of insulators used wiU depend 
upon the nature of the road. Going round a cur\'e, 
a pair may bo required every yard, while, on a 
straight road, from 8 to 12 yards may he spanned. 

One simple rule may be tahen as a guide. The iron 
wires must touch nothing but the insulators; and the 
number of the latter should only be sufficient to 
ensure the wires being strained tight. _ 



Other forms of insulators that arc Bomotimes pre- 
feiTed for engine-plane signals are shown in Figs. 83, 
84, the object in using them, being to save the neces- 
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sity of two fixings. In the Author's opinion, these 
insulators are not so well adapted for the work, as 
they require a more expensive fastener, and there 
must be more of them, otherwise there will be great 
chance of the wires getting into contact. That is to 
say, the spans cannot be made so long, as the wires 
are closer together and may more easily sag into con- 
tact. 

Fig. 85 shows another form, known as Bright's, that 
is occasionally used on wet roads, the configuration of 
the insulator offering a higher resistance to the leakage 
current than the small reels ; but the insulator itself is 
very much more expensive, and all 
that is sought for can be attained 
much more efficiently and cheaply 
in other ways. 

In some cases plain galvanized 
iron staples have been used, with 1}°' ^?T^^\^^^'^ 

. . obackle Insalator. 

apparent success, with a piece of 
india-rubber or brattice cloth for an insulator. There 
are, however, two grave objections to this. One is, the 
almost certain leakage from wire to wire; and the 
other is, the faulty mechanical construction. The 
office of the insulator is two-fold. It is a support as 
well as an insulator; and its primary object is support. 
One great evil that suspended wires have to contend 
with everywhere is, their tendency to run back when 
a break occurs. This may be particularly incon- 
venient on an engine plane, as a passing tram may 
catch the wire when it lies on the gcouxA ^xA ^'«rc^ 
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It along, pulliug down a large portion of it. Wliera 
wires are properly bound into their insulators, they do 
not run back much, and are easily pulled up a^ 
"Where staples are used, there is really nothing to hold 
the wire, and it mns back to the terminating shackle. 

Fig. 86, shows the shackle insulator generally used' 
lor the termini of engine-plane signals. It consists 
of an earthenware insulator, made very much more 
atrongiy than either of the forms already described, 
held between two galvanized iron 
straps by a galvanized iron bolt 
passing through the hole in thft' 
centre. A coach screw passing! 
through holes in the straps and 
into the prop, holds it to the latter,' 
The whole forms a very strong, 
apparatus, either for commencing' 
from or terminating at ; the wire 
being twisted round the groove 
the insulator. It is also very use- 
^used^fw TemiQatif ' ^^' ^°^ junctions, giving a much 
neater and stronger appearance to. 
the wires, than the cheaper but rougher plan, som&- 
times employed, of using only reel insiilators. 

The covered wire used for connections between the 
boll and the battery, between the bells and the iron 
wires, etc., are of copper covered with gutta-percha, 
india-rubber, or Callender's bituminous compound, 
The wire should never be smaller than No. 18 gauge 
No. 10 is better than No. 18. The reason is rather » 
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jclianical one than electrieaJ, So far as tlie roiist- 
e of the copper wire goes, No. 20 would answer in 
the majority of cases ; hut as it has frequently to 
stand rough usage, No. 20 would be hroken very easDy, 
Further, it has already been mentioned that wires 
become brittle where they are connected to terminals 
after being in use, and may be hroken by accidents, 
f.juch as knocks, vibrations, etc, to which they are 
lery liable in mines. It will therefore be easily nnder- 
wd that for this reason also, the larger the gauge the 
letter, as breakages will be less frequent. There is 
I another reason, of even more importance, for not 
Saaking wires too small in mining work. They are 
Bry liable to be attacked by moisture, wherever tliey 
)sed, as at the terminals of bells, keys, and 
Mtteries. A-t battery terminals, also, the battery 
liquid is very liable to be spilt over them unnoticed, 
even by the most careful men. Where the wires are 
small, the chemical action of the moisture on the cop- 
per, assisted as it usually is by the cui-rent, soon parts 
the wire; and therefore, unless the signal has very 
constant attention, it is continually failing from this 
Stranded wires are even more liable than small 
1 wires to this failing, as the moisture or battery 
I attacks each wire of which the strand is com- 
osed. 

' For the shaft, where the engine is on the surface, 

e or both of the wires may be insulated, and should 

f copper covered with gutta-percha. The Author 

efers to have one covered copper -wvca a-wi. wis. 
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nakud ii-on wire in the shaft, and for the following 
e 330113 : — 

Firstly, It is cheaper, 

Secondly, The signal so constructed is less liable to 
get out of order. 

The first of these propositions is sell-evidont. The 
second would almost seem to mn counter to all that 
has gone before ; but a little consideration will show 
that this is not so. The covered wire in the shaft is 
the weak point of any signal in which it is employed, 
because it is so liable to be damaged ; both by the 
water in the pit, which is often impregnated with 
powerful metallic salts, and also by falling coal and 
other bodies ; and so difficult to get at for repair. 
Moreover, of all faults, a break in a covered wire in 
a mine shaft is the most difficult to find. The iron 
wire can always be mn in one, or at most two lengths; 
need only be stapled to the side of the shaft, out of 
the way, and rarely gives any trouble. 

The covered wire will invariably give frequent 
trouble, unless it be strong, well insulated, protected 
from mechanical injury, and very carefully laid. No 
staples should be used ; or, if this is unavoidable, the 
wire should be well wrapped before being stapled. 

The best plan, according to the Author's experience, 
is, to have a copper wire not smaller than No. 16 s 
gauge, well insiilated with gutta-percha, the larger the 
gauge of the wire and the thicker the insulation the 
better, the latter never less than No. 6 ; and outside of 
this a covering of hemp or jute, as much as ever you 
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can get on. Then place your wire in boarding grooved 

to receive it ; the boarding being firmly secured to the 

side of tlie shaft ; and either fix the wire in place by 

small vertical pegs of wood, or by making the groove 

just a fit and gently tapping the wire into it. The 

boarding may be covered over after if desired ; but 

this ia not absolutely necessary, as, if the wires are 

Ht well hack in the grooves, the latter being made 

»p enough, and small boards be placed over the 

jit3 of the planhs, it will not be easy for anything 

I get at the wires, while they are more readily in- 

wcted in case of accident than when covered. 

■ "With these precautions, however, accidents are very 
lare, and wires will go for a good many years without 
Biy trouble whatever. 

■ Where the covering of shaft wires is too thin, eveiv 
of such material aa gutta-percha, the wet always 
penetrates through it in time, causing leakage ; and if 
there happen to be a weak place in the wire, such aa 
some trifling flaw in the drawing, that would give no 
trouble except in the presence of wet, it will ho sure 
to be found out, the wire parted there inside the 
covering, and a failure caused that will be exceedingly 
difficult to discover and repair. It is for this reason 
also that the Author recommends a thick outer cover- 
ing of jute or yara, to prevent the percolation of 
moisture through to the insulating covering as much 
as possible. 

India-rubber, whether vulcanized or not, will not 
^tond as a covering for shaft wires, unless the m(^ 
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tecting covering oiifcsiila of it bo absolutely imperviOI 
to moisture. India-rubber invariably softens witl 
lime, allowing tlie wet to penetrate, causing leakagd 
and the other troubles, ■' 

Iron pipes are not to be recommended as a protectiolj 
for covered wives in mine shafts. They are more e* 
pensive than wood, cost more to fix, the wires ard 
often damaged in being drawn into them, and during 
the process of jointing, and when once fixed you can< 
not examine your wii-es without an immense s 
of labour and trauble. 

Never joint a covered wire in the shaft, if it ( 
possibly be avoided. Use a whole coil longer than yoB 
require, and cut the end off. Or, if you must hayfl 
a joint, make it on the surface, under cover. 

The joint in a covered wire should be : 
iollows : — clean the two ends for about 1^ inches eachj 
mate a bell-hanger's twist as already explained, anA 
then cover either with gutta percha or Chatterton'l 
compound, canying the cover well back on each sida^ 
of the joint, and making it one homogeneous ma^ 
with the original covering of the wire. Or, take a strips 
of plain india-rubber, and put it on under tension) 
making three or ibur layers, each crossing the one 
below, and all starting from well back on each side of- 
the joint. Put what sailors call a whipping, with fine 
twine, on each end, cover over all with primed tape^ 
and then with jute. Jointing covered ■■ 
difficult, and requires very great care. Soldering is not 
necessary- ; but if you do solder let it be with resin: 
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ttx the Autlior'a experience, however, unsolderod joints 
str£».nd best in tlie copper wirea used for signalling. The 
h^at employed in soldering ia apt to destroy the temper 
oi:' the wire, and eanse it to part readily later on. If 
sj>irits are used too, a little is almost always left, with 
tt> « same result. 

2^"aked iron wires have been used in mine shafts, 
bxit not with sncces,?. If they rest on insulators, the 
J^-"tter soon lose their insulation resistance, owing to the 
a-^^ cumulation of damp dirt on their surfaces. If they 
^>^^ simply huug from the top and strained at the 
^Cfcitom, you will have some leakage at the bottom, and 
you will ba very hable to lose your wires periodicaUy 
"^^y breakage. "When the wire does break, it falls to 
^-**-« bottom of the shaft in a tangled coil, and ia usually 
i'~»-ecoverable. 

Causes of Failure of Engine-plane Signtth.—'FAiginG- 
Plane Signals may fail in two ways, Their bells may 
^^fiise to ring when the wires are placed in contact, 
^i-ther from the hammer not coming up to the bell, or 
**"Oiii its being already there ; and in some cases the 
^^Snal will refuse to ring more than once, because the 
'^■^mmer does not go back alter a signal, so as to be 
^^ady for a second, 

"Where trembler bells are used, the latter failuig 
'^^solves itself into continuona ringing. 

The cause of the hammer refusing to come up to the 
"«1I| ia of course the current passing round the electro- 
magnet is too weak to generate sufficient magnetism 
lo overcome the inertia of the armature and hammer. 
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"With badly-consiriicted bolls, as already explainfll 
the cause of failure may be in the bell itself, 
ing this to be properly constructed ; the weakness o. 
the current may be due to detireased E.M.F., or t( 
sed resistance, and is often partly due to both 
The E.M.F. of the battery has fallen, owiug both t* 
the decreased initial E.M.I", and to increased inter 
nal resistance ; and the external resistance has also in 
creased. The increase of the external resistance is dui 
generally to dirt on the wires, and to defective joints 
Therefore, if a signal begins to ring feebly, exaniini 
the wires carefully, clean them if possible, and maki 
all joints good. 

Where a number of falls have occurred within i 
short distance, giving rise to very frequent joints, i 
is best to cut that piece of wire right out and replat 
it. 

In some mines, however, it is not possible to ka 
the wires free i'rom joints for long together, ] 
possible, to keep them clean. In these cases, it is o 
importance that the wires should be as large as pos 
sible, so as to decrease the working resistance, and b 
decrease the breakages ; they should be kept as cleai 
and free from joints as practicable, and the rest must h 
made up in the battery and the bell ; the latter havin; 
the powerful electro-magnet already described, and th( 
former being composed of large-sized cells ; and, when 
there is not much leakage, plenty of them. 

The first thing to he done, then, when a signal fails 
ig \o test the battery with a deicctor, as already de 
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rribod in the chapter on Galvanic Batteries, dis- 
eonnecting and replacing any faulty cells. 

Having got tlie Lattery up to its full strength, or as 
near that as possible, try the signal just outside the 
ongine-liouse, where the iron wires are connected to 
the covered wire leading to the beU and battery. 

If the bell now rings as loudly as at first, while be- 
fore the battery was done up, it either rung weakly or 
not at all, probably the fault is repairedfor the present. 
If the bell rings well near the engine-house, and 
gradually becomes fainter as you recede trom it ; the 
battery is not sufficiently strong; there are either some 
fa.ixlty cells in it, or the number is not large enough. 
If the bell rings well at a certain point, and does not 
ring a short distance farther off, or- only rings wealdy 
st that point, examine tlie wires carefully between, 
pixibably there is a bad joint somewhere, introducing 
sttcii a high resistance into the circuit that the current 
^ "Weakened below its worliing strength. 

A detector galvanometer is of groat service in 
making te.sts on the line wires. By taking the do- 
flection of one or both circuits across the iron wires 
"t the engine-house, and then at different points on 
t'tte road, a sure guide is obtained. Where a sudden 
■decrease in the deflection occurs between two points, 
ttte fault, or at any rate a fault, lies between them. 

If the bell rings well after not being in use for some 
tune, and gradually fails during the day, possibly 
ringing once, when two raps are intended, tlie battery 
IS at fojilt. There are either some faulty colls in it that. 
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require renewing ; or, if it has not been long i 
it is too weak for its work. That is to say, eith< 
cells are too small, or there are not enough of 
If the cells are of proper size, adding a few mor 
usually put matters right, unless the bell is weal 
but if the cells are small, adding more will on 
crease the trouble, though it will apparently mal 
ringing better for the time. The reason has 
already explained. 

If the bells are weakly constructed, with 
electro-magnets, there is no help for it, you 
either alter them or do up the battery as often [ 
bell begins to fail. Adding cells will not help i 
this case, whatever size they may be ; thoug 
larger they are the less attention they will requii 

If the bell does not ring when you are sun 
you have made the battery good, even close t 
engine-house, the fault must lie either in th( 
itself, in the switch for disconnecting at night, 
one is used, in the covered wire or the connec 
Carefully examine the whole of the covered 
looking for the green verdigris already ment 
Examine the connections between the covered 
and the iron wires, the connections to the bell, s 
and battery, the working faces of the switc] 
that all the moving parts of the bell work free! 
no cause is apparent, test as follows, using a de 
galvanometer if you have one. 

Take a piece of covered wire you know to be i 
connect it to that end of the battery which-*: 
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connected to the bell. Connect its other end, — tho 
enda being clean of course, ^to one terminal of tho 
galyanoraeter, if you use one ; if not, use it to test. If 
you use a galvanometer, connect another piece of 
covered wire to its other terminal, and nse the other 
6ndof this wire to test. Now proceed as directed in 
testmg for faults in domestic electric bells ; and re- 
member the rule, aa before : — ^that when you find two 
points, at one of which j'our boll rings, or yoii have 
evidence of a curi'ent, while at the other you have no 
evidence of current, or you have evidence that the 
■^rrent strength is very considerably reduced, the 
■^anse of failure of your apparatus lies between those 
'•Wo points. Following this rule, commence at the 
•Connection to the iron wire, — the one connected to tho 
^ire leading from tho bell, — and work back towards 
^ne bell, until you obtain evidence of a full current. 
"you find the fault in the bell itself, pursue the same 
^urse to discover the exact locality of tho break. 

The most likely faiilt, however, in cases of this kind, 
'8| the covering of some portion of the wire having 
''sen damaged, moisture has crept in and parted it. 

Where there is a bell at tho inbye end of the engine 
plane, failure may be caused by a disconnection in that 
'wit, in its earth wire, or in the earth connection at tho 
Engine-house. In this case, first connect the u'on wire 
leading to the inbye bell to the earth side of the 
battery, and test aa for a signal with only a bell in the 
engine-house. If the fault is not discovered, carefully 
the earth connection before ground \a te^'iW'i. 
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and in its connection with ground ; and if tlicro is any 
doubt as to its efficiency, replace it by another, or 
better still, duplicate it, the second one being per- 
fectly independent of the first. If the fault is still 
undiscovered, seek for it at the inbye end. Leave 
your wire leading to the inbye bell connected to 
earth at the engine-house. See that your line wires 
are in proper order all through. Carefully examine the 
inbye bell and the earth connection there and duplicate 
the latter if it can be done easily, then proceed to test 
as follows: — Connect one wire jfrom your detector 
galvanometer to the iron wire that is connected to the 
battery at the engine-house. It will easily be known, 
of course, by its being the one that is not connected to 
anything, unless there is a key at that end. 

With the other galvanometer wire, cleaned as usual, 
make connection to the line wire with the bell in, and 
observe the deflection of the galvanometer, and note if 
the bell rings. If you have the long circuit of the 
galvanometer in use, the bell may not ring, owing to 
the additional resistance of the galvanometer wire ; and 
it is therefore wise to test with both circuits; the extra 
time taken up is not serious. 

It may be mentioned also, en passant^ that it is often 
useful to place the long circuit of the detector galvano- 
meter in circuit in many tests, to roughly represent 
the resistance of the line wire. If the bell does not 
ring, test beyond the bell, and follow down to earth, 
noting any change in the deflection as before. If you 
get a, deflection beyond tVie belL and none or a greater 
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1 than tho resistance of the bell coils should 
account for, test through the belt itself as already 
described. 

If you get a deflection on the outbye side of the bell, 
btit the bell not ringing, even with the short circuit of 
tile galvanometer, and it rings when you connect to 
tlie earth aide, the fault is evidently in the earth wire. 
It may, of course, be at either end, but is more likely 
to he at the inbye end. 

Seeldng for a faulty earth is perhaps the most 
difficult of all tests ; the only method being to eliminata 
every other possible source of failure. 

"Where a number of bells are connected to one 
angine-plane signal, whether in series or in parallel, 
the same plan is adopted, commencing at tho engine- 
tkonse, and ■working outwards, testing at each station 
Mitil the fault is discovered. 

Where the engine is on the surface, always test at 
the pit top iirst, with a detector galvanometer if 
possible ; or if not, by hearing the heU ring ; and then 
test at the pit bottom. If the hell rings, or you obtain 
evidence of a current at the top, and none, or greatly 
roduced, at the bottom, the fault is in the shaft, and 
. *iJl be the most troublesome fault you can have to 
with. Be sure that it is in the shaft before you 
; and not, for instance, in the bed at the pit bottom, 
e one is used. This may be discovered by testing 
leach side of the bell. If you obtain a deflection on 
jBHhaft side of the bell and none the other, the fault 
'u the bell. 
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Having traced the fault to the shaft, get aa mncli 
light aa you can, go through the shftft zery slowly, and 
examine every inch of wire ; if possible, ] 
covered wire through your hand, Aa mine shafts are 
always wet ; and the wires, especially when not covered, 
become coated with the material that is washed off the 
wall of the shaft and finds its way there from various 
sources, it is not an easy thing to find a fault iu a 
covered wire. Usually such a fault is due to the cover- 
ing being damaged and moisture having penetr 
but the insulation covering holds the wire together, aii°- 
the sludge outside often covers up the green verdigri-* 
that is such a sure guide in other cases. 

Examine the iron wire also, in case there shoul'-^ 
have been a bad joint, or a flaw that has rusted in twC^' 
This is usually a very easy matter. Having esamineC^^^ 
the wires very carefully, pulled at all the staples if anj^^ 
are used, if no sign of a break has been found, ther^^^ 
is nothing for it but testing at different points, in fh^^ 
shaft; making coimection between the covered wire,,,..^' 
bared for the purpose, and the iron wire ; or between— 
the two covered wires where tbey are used. As the 
cutting of the insulation covering will probably L 
to future failures unless very great cai'e is taken to re- 
cover the bare place, it is always wise to spend a little 
time examining the shaft wires even three or four 
times, betbre resorting to this expedient. If it ia in- 
evitable ; proceed to about half-way down the shaft, 
clean a place on the iron wire and connect one of the 
galvanometer wires or the bars end of a piece of stiffish 
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wire to it, then verif carefully shave a piece of the 
covering of the insulated wire off, so as just to expose 
the copper. The latter must be sufficiently visible and 
clean to make good connection, or no current will pass, 
and it will apparently show that the fault is above you 
when it is not. If, having obtained good connection 
between the iron wire and the covered wire {either 
through the galvanometer or the short piece of wire), 
you find no indication of a current, or only of a very 
feeble one, the fault will be in the upper part of the 
shaft. Be very careful, in making this test, not to be 
deceived by dirty connections, etc., or the fault may 
take a long time to find. If a full deflection is ob- 
tained, or the bell rings, the break is in the lower 
half. Proceed to test half-way between this spot and 
either the top or bottom as the case may be, and so 
On until two points- are found, as before, between which 
the break must lie. Usually a more careful examin- 
ation of this piece will now reveal the fault. If not, 
cut tie piece out and replace it by a new one. 

After these tests, be very careful to cover the wire 
Up immediately, aa described for covering jointa. The 
piece that is put in also must be jointed very care- 
tvilly, it being almost an impossibihty in many shafts 
to prevent moisture being left inside the covering. 
»-fter making joints of this kind, it will be wise to 
examine them as often as opportunity offers, and re- 
Make them whenever they show signs of giving 
trouble. 

leakage Faults.^The other class of faults that are 
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met with in engine-plane signals, where the hamme"* 
remains against the bell, or continues chattering if ^ 
trembler, are dne to leakage or actual contact betwee'*^ 
the wires, 

This class of fault is more troublesome to find tha.-^^ 
the other, as it necessitates repeatedly going to and frC^^-^' 
to ascertain if the fault is off, unless some signal can b^ "^ 
arranged not involving the use of the wires. The reasor— ** 
for this is, that a test can only be made near th^^ ® 
battery. 

If the hammer be held firmly against the bell, th^^^ 
first thing to be done is, to carefully examine the wire^ —^ 
on the engine plane and observe if they are in contac*" -^* 
with each other, or with some other metallic body, sucfc^^l 
as a pulley or a wire rope. Ifc may happen that on^^ -^ 
wire will be in contact with a metallic body in on^^ -^ 

part of the engine plane and the other wire is in con *' 

tact with another such body in another part of tli^^^ ^ 
plane, and that these two connections complete th^^^" ^ 

circuit; because, although the connection is not im "-*' 

mediately apparent, there may be, and is if a short:*' 
circuit is formed, a series of metallic connections be— — ' 

tween these two bodies. It is therefore wisest to re ' 

move all naked wires from contact with everything^^^ 
but the insulators. Coal, shale, slate, and wood are^^^ 
not good conductors, but they are very bad insulators, -^ 

more particularly when they are saturated with mois- ' 

ture, or even have a film of moisture on their surfaces. 
Therefore do not allow the wires to touch the props, 
the roof, or the sides of the road. In damp mines, 
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joo, the film of moisture which forms on the cold sur- 
face of the insulators is a conductor of high resistance, 
"which causes b. serious leakage wlien multiplied many 
tundred times, as it will he on a long road. Further, 
at the point where the insulators are screwed to the 
props, fungoid growths sometimes form over the whole 
of the insulator, and their roots extend into the fibres 
of the wood. Coal-dust and dirt also frequently lodge 
on the insulators. Therefore, when a signal begins to 
fai], besides seeing the wires clear of everything, wipe 
the insulators as clean as possible ; and if this be done 
periodicany it will save troiible. flather a common 
source of leakage is the practice of tying up the wires 
"with string, after insulators have been broken. String 
is cheaper than an insulator, and it is perhaps accident- 
ally discovered that the replacement of a single pair 
of insulators by string attachments does not affect the 
■working of the signal; as it would not if there is the 
proper reserve in battery and bell. The exchange is 
repeated as often as an insulator breaks, until the sig- 
nal begins to fail, owing to the extra drain upon the 
battery caused by the leakage current. Tlierefbre, if 
a. string attachment is made, let it be replaced at the 
earhest opportunity by insulators; and if, when the 
signal fails by the hammer coming up to the bell, 
insulators are wanting anywhere, let them be immedi- 
ately fixed. 

Supposing that a careful examination does not lead 
to the discovery of the cause, and a careful overhauling 
of the wires leaves the hammer still up at tha hfeCv 
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when the signal is connected, or remaining there aftS 
a signal has been given, proceed to test as follows : — 

Take several convenient points — as, say, at the top of 
the shaft, the bottom of the shaft; where the engine is 
on the surface ; at junctions, at joints in the wires ; and 
break the main circuit at each of these places in SQO* 
cession, ohserving the effect upon the hammer. If ths 
hammer falls back after a particular portion of the 
signal wires are thrown out of circuit, while there is 
no apparent difference when other portions are thrown 
out, the fault will lie in that portion ; and a fui-ther and 
more careful examination of that part of the road 
should be made. 

To have a sure guide, it is better to use the long 
circuit of the detector galvanometer, inserting it in 
circuit ; then, hy disconnecting at successive points, 
working outwards, and re-connecting, and observing 
the difference in the deflection after each break, one 
is enabled to see exactly where the leakage is. If, for 
instance, as already explained, the deflection is reduced 
to zero when one section is cut off, the leakage will 
all be in that section ; but if, as more frequently 
happens, the deflection is reduced by the cutting off 
of each section, roughly in proportion to the length of 
the section, the leakage will be genera! throughout the 
signal, and the remedy must be sought in a more or 
less general reconstruction. 

If the leakage be traced to the shaft wires, it will 
usually be necessary to replace the covered wire 
throughout ; hut an att«mpt may be made to find the 
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bad place, should snch exist, by proceeding as in testing 
for discoimection, — cutting the wire in two at each 
point, instead of merely removing a portion of the 
covering. Thus, if all or nearly all the deflection dis- 
appears on cutting, say, three parts of the way down 
the shaft, it will be evident that the other quarter ia 
causing the leakage. 

Should this turn out to be the case, the same pre- 
cautions should be taken for preserving the joints from 
being eaten in two by the moisture of the pit, that 
have been already described for disconnection faults. 

It unfortunately happens, in many wet mines, that 
it is impossible to avoid leakage on the roads. Leakage 
1:0. the shaft can always be provided against, by suitable 
covering and protection being given to the wires. On 
btx.e roads, however, where it is essential that the wires 
should be left bare for the purpose of signalling, and a 
<^^rtain number of insulators must be used for mechani- 
cal reasons, a heavy leakage current is often unavoid- 
*-bl6, especially on long roads, where the supports are 
naultiplied. 

In other cases it is difficult to maintain the insulation 
perfect, owing to frequent falls. 

In such cases there is nothing to be done but provide 
lor the leakage current in the construction of the 
apparatus used, keeping up the insulation as much as 
possible. 

The first thing to be done, then, is to reduce the 
leakage current by reducing the number of cells. This 
■"ill decrease the strain upon the battery. KexJii., M 
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they are not so already, use th.e largest si 
obtainable, so that they may maintain their normn^ 
sti'ength notwithstanding the drain of the leakagsl 
current, and so keep the signal up to working strength,;] 
Next, if the leakage current is still sufficiently atronj 
to hold the hammer up to the bell when brought thei 
by a signal, bring into play the buffer spring, or ita 
equivalent that should exist in every Mining Sig 
Bell, and one form of which is showu in Fig. 31. 

If the tension of this spring be increased, by meal 
of the screw provided for the purpose, the hammer -will" 
not be allowed to remain on the bell after giving a 
signal, as the spring will throw it off. Another plan is, 
to alter the screw of the bracket in which the hammer 
works, shown in Fig. 31, so that the ai-mature cauuot 
come so near the poles as before. 1£ this is done, 
either the hammer must be bent forward, or the bell 
dome moved towards it. It must be understood, that 
by either of these plans the battery has more work 
thrown \ipon it, but that it is the simplest and the 
easiest plan of getting over a troublesome difficulty. 
With trembler bells it is by no means so easy to grapple 
with a leakage current, without altering the construc- 
tion of the bell ; and with this type of bell the fault is 
particularly troublesome, as it causes the bell to be 
continually ringing. Something may be done, on the 
same lines as those indicated for the single-stroke bell. 
The armature may be set farther from the poles, in 
some forms of bell, by bending the spring to which it 
is attached, and the hammer ; but it is hardly -wise. 
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unless it can be done with great care, and by a stilled 
^nechamc. 
^■ffhe writer designed another plan soma years back, 




Belay for Uee with Colliery Sign ale. 

¥ a special case -where the leakage was excessive and 
Could not be got under, in which a Eelay is used, an 
apparatus well known to telegraph engineers, and oofi 
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that has done good service in numerous cases som&J 
what analogous. 

A Relay is shown in Fig. 87, Its construction 
similar to that of a, single-stroke bell, except that i 
armature carries no hammer, and that the whole 
designed to give the working current as little to i 
as possible, and yet to be under control. To effeot 
this, the armature is made very light, hangs vertically, 
and only carries a light platinum -tipped contact-pieoff 
at its extremity, which is faced by another platinum!. 
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tipped contact-piece, as shown. The armature is con- 
trolled by a spring whose tension can be regulated. 

Where the Relay is used, the battery cells are still 
made as large as possible, but the battery itself is 
divided. A few cells only, say four or six, according 
to the length of the road, are connected to the Relay 
and the engine-plane wires ; the rest of the battery, 
consisting ot as many cells as you like to put on, is 
connected to the bell, through the Relay contact. 
Fig. 88 shows the donble connection of Relay and 
Bell, The action ia els follows : — When a signal ia 



ELECTRIC MININ'O SIGNALS, 217 

given on the road, the current from the small battery 
passes round the Relay coils, causing the magnet to 
attract its armature, and bringing the contacts together. 
The Relay contacts coming together close the circuit 
of the bell and the large batterj', causing the former 
to ring. For practical purposes the two operations 
occupy no more time than the one where only the 
bell circuit is used. It will be seen that this plan 
reduces the leakage to the lowest possible limit, and 
yet allows of the signal being worked with a very 
small current. The operation of pulling the armature 
up to the fixed contact, a small fraction of an inch 
away, involves only a very small amount of mechani- 
cal work ; while it is always possible to put sufficient 
tension on the regulating spring to prevent the arma- 
ttire from working under the influence of the leakage 
CTirrent, and yet to have sufficient margin of power 
for it to make firm contact when the regular working 
current passes through its coils. 

The objections to this apparatus are, that it destroys 
tHe perfect simplicity of the engine-plane signal, and 
Ihat it cannot be used for signals with two or more 
oella, without placing a battery and relay near each 
1*^11 ; which might be inconvenient in many cases, and 
Would always give extra trouble in maintenance. 

The tricks that are played with engine-plane sig- 
iiala are a great source of annoyance. Mischievous 
^ys enjoy the fun of tying the wires together and 
•topping the work for the time. The Police Court 
18 about the best preventive, if one of the ofEendeT?, 
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can be secured ; and it usually happens that as tlii 
novelty of the thing weai-s off, the trouble disappears 
but in obstinate cases, the following arrangement 
that was worked out by some of the officials of th( 
Rhymney Iron Go's. Collieries, and by those of thf 
Mardy Colliery, Ferndale, will answer all purposes 
The engine and hauling rope are made to form part o 
the circuit, taking the place of the return wire ; ant 
the two iron wires, connected together as one, forn 
the line wire. 

A switch near the engine-driver controls the 
rangement, the signal being made by means of f 
piece of chain or wire, long enough to reach from tht 
wires to the rope or rails, carried in the rider's pocket. 

The objection to this arrangement is, that th( 
switch and extra connections are possible sources (M 
failure. 

Underground Tapper Signals. — At several collieriei 
in the North of England, a modification of the engine 
plane signal is used, arranged to signal from statioa. 
to station, and sometimes from intermediate point* 
between two stations to one or both. A road is divided 
into sections, a man being placed at the junction oif 
two sections, with two bells and keys under his charge. 
He receives a signal on one bell, and transmits it to 
the next station, when he is ready, by the key of th» 
other signal, just as railway signal-men do, 

Tliis arrangement necessitates a battery at eacli 
station, and what are known as Tapper Bells, i.e. bel]» 
with keys attached. 
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Where it is ouly requii-ed to signal from station to 
Station, one wire ia sufHcient, if good eartli can be 
obtained. This may be covered and protected by 
boarding. 

Where it is rec[mred to signal irom intermediate 
points between stations, two wires are. necessary, aa 
with the engine-plane signal already described. 

Shaft Signals. — Electric signals are also used for 
the shaft, to signal from the bottom to the bank, and 
to the engine-house, and from the bank to the bottom. 
In some cases, also, signals are used from the bank to 
the engine-house. 

In most collieries where shaft signals are used, the 
bank bell, and the engine-house bell ring together 
from the key at the shaft bottom, and the bell at the 
bottom from the key on the bank ; the second bell in 
the engine-house having a separate ringing key on the 
bank. 

These signals can he arranged in different ways. 
With two batteries, one on the bank and one at the 
bottom, and two wires in the shaft, only one of which 
need be insulated ; with one battery at the surface 
md three wu'es in the shaft, two of which should be 
insulated, the hne wire and the hattery wire leading 
to the bottom key ; or with three wires in the shaft, 
two of which are insulated, but with a battery at top 
and- bottom. In the first two arrangements, shown 
in Figs. 89 and 90, double-contact keys of the forms 
dteoribed and shown in Figs. G8 and 69, pages 179 
i 180, are used, the key in the iirst instance aa.v- 
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ing one covered wire. In the other two cases, sli 
in Figs, 91 and 92, single-contact keys are used. 'W 





at rest, the double-contact keys are arranged to i 
an incoming current to pass to the bell at their 



ELECTRIC MINING SIGNALS. 



221 



station, and so to receive a signal. When put in 
operation, they transmit signals, the connection be- 
tween the bell at their own station being broken im- 
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Fig. 91. — ^Diagram of Connections of Shaft Signals using Single-contact 
Keys, with three Wires and two Batteries. 
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Fig. 92.— Diagram of Connections of Shaft Signals with one Battery, 
three Wires in Shaft, using Single-contact Keys. 

mediately the lever or plunger of the key moves ; 
while on the completion of its motion, a fresh contact 
is made, and another circuit' closed, in which are 
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iiicluded the battery, the ringing-key, and the bell at ■ 
the other station. With the single-contact key, each 
key perfbrms one office only, just as the push does 
with house bells ; it closes the circiut in which are in- 
cluded the battery and the bell at the distant station. 

The Author prefers the arrangement where only 
two wires are used in the shaft, and only one of these 
insulated ; and his reasons are as follows :— 

First, as explained in connection with engine-plane 9 
signals where the engine is on the surface, the covered ^ 
wire in the shaft is the weakest portion of the whole 
apparatus, because it is so liable to be damaged and 
80 difficult to repair, besides being more expensive; 
therefore any arrangement that reduces the number 
of covered wires in the shaft, reduces the first cost and 
the liabihty to failure, provided that the reduction of 
the number of covered wires does not necessitate the 
introduction of apparatus which is more troublesome^ ■ 
In order therefore to justify the use of only one " 
insulated wire, it must be shown that the ringing key 
which renders it possible, and the division of the 
battery, do not give more trouble than the additional 
wire would do. 

At ilrst sight it would appear as though the addi- 
tional covered wire in the shaft, though more expen- 
sive, would give the least trouble. It is sometimes 
very difficult to find a place for the battery near the 
pit bottom, where it can he kept dry and be easily 
got at. Again, the back contact of the key, unless it 
be very carefully and strongly made, may easily be a 
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source of 1,roub!e. If it should not make firm contact 
at all times, or not go right back into its place after a 
signal has been given, the home bell will be cut off, so 
that no signals can be received. 

Both these matters, however, have been successfully 
dealt with. Batteries are in use at even very wet pit 
bottoms, the precaution being taken to make the cells 
large, and to give them the attention necessary to 
enable them to stand the increased strain caused by 
the wet. 

The difficulty of the key was, for a long time, a far 
more serious one, failures being frequent in the early 
days of electric signals from this cause ; but it has been 
overcome by the ringing key shown in Figs, fi8 and 69, 
page 179 and 180, assisted by the increased knowledge 
and the increased interest taken in the subject at mines 
where they are used. It will be seen that by remov- 
- ing the front, the working parts of the key can always 
be examined in a few minutes, without stopping the 
working of the signal. Moreover, the key can be tested, 
as will be explained later on, without opening it at all. 

No key which does not fulfil conditions similar to the 
above should be used at a pit bottom. On the other 
hand, in addition to the danger of wires in the shaft 
being damaged, should there be any leakage at the 
battery, or any other part of the circuit, there is a strong 
tendency to leakage through the insulation the whole 
way down the shaft ; and unless the covering be very 
thick, or the insulation resistance high, and remain so, 
the consequences may be very . 
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the circtniH 
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Any trifling fault on a battery wire is always i 
troublesome than on a line wire, because the ( 
through the covering is always closed; and in a deep' 
shaft the length of the wire may cause the leakage' 
path to have a very low resistance, the resistance of 
the insulation covering through its substance following; 
the law of the dimensions. Such leakage paths brii^r 
a great strain npon the battery, just as with engiini 
plane signals ; and, in addition, a battery wire in thl 
shaft is patted in very much less time, should thi 
covering be damaged, than a line wire, and is raoii 
troublesome to repair. Men standing on a wet cEige,. 
handling a wet wire with wet hands, get nasty shock^ 
especially if their hands are cut or bruised, with tha 
result that joints made in battery wires in a shafl^.; 
unless under exceptionally favourable circumstancM^ , 
rarely last any time. 

Where the battery at a pit bottom is obhged to \M 
in a damp place, there will of course be leakage ; but it 
will be contined to the short length of wire between 
the battery and the ringing key, which is by no meaof 
80 serious a matter as where the wire runs the wholft 
length of the shaft. 

Leakage always occurs at a ringing key, betwe^ 
the terminals, when the key is obliged to be placed vk 
the wet. At first sight the leakage path on a mebal'' 
key would appear to be of lower resistance than on * 
wood base key ; but experience shows that the wood 
key gives far more trouble in this respect than tlui 
metal key, the reason being probably that the films ai 
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Loisture on the vulcanite insulation do not make good 
connection with the metal on each side, and thereforG 
offer a liigh resistance. In addition to this, the film of 
moisture formed on vulcanite is never so large as 
■would be the body of the moisture contained in a 
"board. 

13ut the principal trouble is the chemical action of 
the raoisLure upon the wires, and upon the terminals to 
■which the wires are connected. As already explained, 
this will always take place in damp situations, It is 
very much more energetic on the battery terminal of 
the hey than upon the others ; and in many cases all 
that can be done is to watch the connections and clean 
them periodically. For this reason, whatever hey is 
used should have aU its terminals in sight. No amount 
of covering with gutta percha, nor leading the whe 
down some distance will prevent the moistme reaching 
the terminal ; it always follows the outside of the wire, 
and penetrates to the connection. 

The beUfi and wires used for shaft signals are the 
same as for engine-plane signals ; and all the remarks 
made with reference to the latter apply to the former, 
except that in some cases a y-in. or 11-in. bell dome is 
used for the bank bell, in order to give a louder signal. 
The bell to ring from the bank to the engine-house 
is usually an ordinary 4-in. trembler bell, and the key 
a angle-contact one. Either of the keys shown in Figs. 
68 to 71, will answer for this purpose. 

Le Clanohe batteries. Mercury Bichi'omate, or Sulphur 
Sil-ammoniac batteries may be used for Sh.a.tt ^.v^gasi.^. 
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For the up signal the cells should be the hirgest n 
and plenty of them, as the up signal has usually 
hard work, and the battery will run down very quickl; 
unless both the size and number of the cells is largew 
The Author's practice is, to place from sixteen to twen) 
of the largest Le Clanche or Sulphur Sal-t 
cells at the pit bottom, — sixteen if it is very wet 
twenty if dry, — and either ten of the largest sized ceHi^ 
or twelve of the second size at the surface. 

Where tJie battery is all on the surface, it shou]<M 
consist of twenty of the largest sized cells. 

These numbers look largo, but experience proves 
them to be necessary if a loud signal is desired, unless 
the battery is to require frequent attention ; mora- J 
over, it is economical in the end, as attendance ibmffli 
■usually the principal item in the cost of maintenance. 

With hells having powerful electro- magnets, and 
batteries as described, the writer has known shaft 
signals go from six to twelve months without atten* 
tion. 

Iron wires alone have been used in the shaft by t^ 
Author for shaft signals, but they have not been -" 
successful as covered wire, and for the reasons 
mentioned iu connection with engine-plane signals,/ 
where the engine is on the snrl'ace, viz., that it is diffi- 
cult with iron wires alone to provide both the neces- 
sary mechanical strength and tho necessary electrical 
insulation resistance, for the continued efficient worfe^^ 
ing of tho signal. 

They Iiave a greater cbauce of success than with 
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engine-plane signals, because tlie leakage path formed 
at each rest, from line wire to earth wire, does not 
affect the battery except when the signal is actually in 
use. It does not bring the strain upon the battery that 
leakage on an engine-plane signal does. 

Shaft Signal /■■«h?(s.— Faults in shaft signals are 
much the same in character as with engine-plane signals. 
Bells either refuse to ring, their hammeis do not come 
up to the hell when contact is made at the key, or 
the hammer Uea on the bell when a signal is given, 
and has to be put back before a second can be received, 
or lies there permanently as long as the bell is con- 
nected. 

As before, the first is due to increased resistance 
somewhere in the circuit, or to decreased E.M.F. at 
the battery. 

The latter is dne to leakage or to actual contact. For 
resistance or disconnection, — which is, of course, only 
infinite resistance, — first test the battery that works 
the signal which has failed. That is to 3ay,.where the 
battery is divided, test the bsittery at the pit bottom 
■ for the up signal, and the one on the surface for the 
down signal and for the signal from the bank to the 
engine-house. If the battery is right, proceed as will 
be described ; but get the battery strength up suffi- 
ciently to ring the bells well before proceeding, as 
otherwise it is possible to be hunting for a supposed 
disconnection when it is only the battery that is weak, 
and perhaps runs down while the testing is proceeding. 

Having made sure that the battery is vi^hfc, te.'sJw 'aS^ 
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the key, by making connection between the hell"^ 
termiiial and the battery terminal, and note if the belLfl 
rings. On the key shown in Fig. 68, p. 179, this con-« 
nection can be made by passing a knife-blade across ; I 
and the spark which passes will be a rongh guide as ixyM 
the strength of the batterj-. If a detector galvano- fl 
meter is available, a double test with the long and short J 
circuit will be very useful ; as, if the home tell ring* 1 
through the long cu'cuit, it will be pretty clear proofM 
that the battery is strong enough to ring its proper | 
signal. I 

If the home bell does not ring,. it may be becausekl 
the bell itself is faulty; but if the latter has been,! 
ringing while the other signal has failed, it will pro- 
bably be the battery wire or the battery connection, 
which is wrong. Remove the battery wire from it» 
terminal on the key, and make connection directly, or" J 
through the detector, to the bell wire. If the bell now^ I 
rings, the fault is in the key, which must be examined 1 
and repaired, pursuing the plan of bridging over each- 
portion until the faulty one is found, as already 
described. If the bell does not ring when the battery 
wire and bell wire are connected ; and it is known that> 
the bell is in proper order as well as the wire leading to 
it irom the key, examine the battery wire very care- 
fully from key to battery, especially at staples if any J 
are used, where it crosses sharp corners of iron work, 1 
etc.; looking out for the green verdigris bcfor© 
mentioned. If no sign of a break be visible, replaco 
the wire, if short, by a new one and examine the old 
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one at leisura and by daylight. If the battery be soma 
distance i'rom the key, test eithei" from battery wire 
to earth wire with the galvanometer, or from battery 
wire to bell wire if no galvanometer is available, work- 
ing from the key to the battery until the faidt is 
passed, and a current is obtained. Testing from 
battery wire to earth wire is of course the best, as it 
only entails the damaging of one covered wire. 

If the battery and the wires as far as the key are in 
order, examine the key carefully, disconnect the line 
wire and insert the detector galvanometer, first using 
the long circuit and then the short. If there are no 
indications of current, or they are only slight, discon- 
nect the battery wjre and connect it directly to the 
line wire through the galvanometer, using first the 
long and then the short circuit. 

If there are now indications of current sufficient to 
ring the bells, the fault must be in the key, which 
must be tested through as before. Should, however, all 
be right as far as the key, and the galvanometer show 
a current of sufficient strength passing to ring the 
bells, yet the latter do not ring, though in proper order, 
the cause will be leakage on the line wire, which must 
be tested for as described for leakage on engine-plane 
wires at p. 209. 

If no current passes through the galvanometer when 
the battery wire and line wire are connected together, 
leave them connected and go to the other end of the 
shaft,— to the top if yon have been testing under- 
ground, and vice versd^ — and look for ■jfOM.'c cviTtet^ ^ 
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tlie line wii'e of the key there. The line wire has nov 
become the battery wire, and you shonld get a curreiL ^ 
from it to the earth wire. If you do not, either th^^ 
covered line wii'e or the earth wire must he parted o: 
nearly so. As before, the double test with long ani 
short circuit of galvanometer will afford a better guidi 
than a single test. 

If the fault is in the shaft, pursue the same plan as 
described for the shaft wires of the engine-plane sig- 
nal, carefully examining, and then testing from pointj 
to point, till the fault is passed. 

If the shaft wires are right, the fault must be in tha 
receiving key, in the bell, or in the wires leading from. 
the key to the bell, or from the bell to earth. Examine 
all joints carefully, and follow the test right on from 
point to point, till you find the two points at one of 
which you get a current, and at the other you do not ; 
when, as before, the fault hes between tliem. 

A fault in the signal from bank to engine-house 
would be found, by carefully examining the key and 
the wires, and theu testing back towards the bell, seek- 
ing a current between the battery wire leading to the 
key, or the line wire connected to battery, and earth. 

For a disconnection, or a bell refusing to ring owing 
to a break in the circuit, with battery on the surface ; 
first test the battery as before ; next, if it is the up 
signal which is off, see that the battery wire in the 
shaft is perfect, by testing to earth at the pit bottom; 
then test each wire in succession, after having pre- 
viously examined it, as with the other arrangement. 
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That 13 to say, having tested the battery wire, test tho 
wire i'rom the bottom key to the top bell for a break, 
and follow on, if it be the np signal. If it be the down 
signal, connect the battery and lino wires at the key 
on the bank and test downwards. Examine the keys, 
and test them through before touching the wires. 

"Where the hammer stands up to the bell and re- 
fuses to leave it, or refuses to go hack after a signal 
has been given; first examine the bell itself, Oc- 
casiouallj a slip is made in the construction of the 
bell, the hammer being allowed to stand on the wrong 
hide of the vertical, when up at the bell. If this is so, 
at may have been put right by one of the methods 
mentioned in dealing with similar faults in engine- 
jlane signals, viz. : either by increasing the tension of 
'the spring or by setting the screw of the bracket against 
"which the armature works a little forward. In either 
ease, the screw may work back in time and reqnir© 
setting up again. A few minutes will xisually put this 
jight where two batteries are used. If the fault is not 
da the bell itself, it must be due to leakage in its im- 
nnediate neighbourhood, and will be found best by 
<li3 connecting the battery wire at the ringing key, and 
Tvorking hack to the battery, examining the wire eare- 
i'nlly the whole way, and if nothing is found, cutting 
the wire at different points until the fault is passed, 
^here the wire leading from battery to key, and that 
i'rom key to bell run side by side in a wet place for 
some distance, and this has caused the leakage, it may 
reduced temporarily by placing the wires farther 
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apart ; but for permanency, both should be replaced b 
wires whose covering will not alloyr of any leakage. 

If a shaft signal refuses to work, while the d& 
tector galvanometer shows that a current of sufficieiti 
strength passes out when the ringing-key is pressecl 
there must be leakage between the ringing-key ant 
the bell, and the leakage path must be of sufficientlj 
low resistance to reduce the current passing to the bel 
beyond it, below its working strength. 

To find where the leakage is, carefully examine yoM 
wires and keys as before ; and if no indications of pos- 
sible leakage be found, disconnect successive sections, 
aa described for similar faults with engine-plane sig- 
nals, observing the deflection of the galvanometer after 
each section is cut out, until the fault is passed ; the 
galvanometer being connected in the line wire at the 
ringing key. Here too, if it be a covered wire whose 
covering has given way to the wet, it may probably 
be put right temporarily by disturbing it ; but ; 
should be renewed as early as convenient, or it wil) 
cause repeated failures. 

An ingenious application of electricity for signalling 
in the shaft has been worked out by Mr. "W, Arm'^ 
strong, junior, of Wingate Grange Colliery. He haft 
had an insulated wire placed in the core of the winct- 
ing rope, the ends being brought out on the cage and 
at the winding drum tor connection. On the cage, tin 
insulated wii'o is connected to a ringing key, the othea 
terminal of which is in connection with the > 
The other end of the insulated wire is connected %9 
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1S3 collar fixed to a ■wooden ring secured to the drum 
ift. Against this collar bears a copper spring brush, 
ich as the coUecting brush of a dynamo bears on its 
nmntator. From the copper brash, another insu- 
the other side 




"the battery being connected to some part of the 
gine frameworh. When the key on the cage is 
'fissed, the circuit is completed from the battery, 
trough the hell, the collecting arrangement on the 
rum shaft, the insulated ■wire iastde the io-^,\.'&fcV^'^ 
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on the cage, back through the rope itself to the eugv"^ 
frame, and thence to the batteiy. Figs. 93 and 
show the whole arrangement in detail, 

Mr. Armstrong informs the author that he has a, l^O' 
succeeded in arranging telephonic comimmicati- 
between the cage and the surface, using the sai 




apparatus, but substituting telephones for the ringii3-» 
key and bell, i 

The practical advantage of tliia, if successful, wil* 
be thoroughly appreciated by all who have anythizx^f 
to do with mines, 
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Signals fos Coenish Tin, Lead Mines, eto. 

' Electric signals have as yet hardly been introduced 
into tin and lead mines. 

As these mines are worked upon an entirely different 
system to coal mines, a different system of signals is 
required. 

The arrangement recommended by the Author for 
Cornish mines, consists of one of the mining bells 
already described, G-in. or 8-in. or larger, at the top of 
the shaft, connected with a battery in a convenient 
position, and two wires led down the shaft and con- 
nected to ringing keys at each landing-place of the 
form shown in Fig. 71, and described at page 182. 
The wires in the shaft and the connections to the 
keys in tin and lead mines present very serious diffi- 
culties, owing to the constant stream of water that 
pours down, the drippings from which are to be found 
in the landing-places, and often some distance into the 
workings. 

The difficulty of the case is increased by the fact 
that the sinkings are often very irregular, so that it 
becomes an exceedingly difficult matter to fix board- 
ing in the hard rock to follow the line of the shaft ; 
and it is further increased by the fact that there is no 
regular attendant at each landing-place. The man 
who comes to ring the signal when the skip is wanted, 
has not as much light even as there is at a coal-pit 
bottom where electric light has not been introduced ■ 
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and he lias not the opportunity of watching the for 
tion of verdigris, as the onsetter in a coal-pit has. 

There wonld appear to be two distinct plans opo 
which the shaft portion of these signals might 1 
eonstrccted, viz. : — by placing in the shaft two "s 
of stoat copper, weU insulated and protected froi^ 
damage, leading them to the key at each landing 
place, so that there would be no joints; or, by eoM 
deavouring to dispense with insulation almost entirely* 
using very strong galvanized iron or copper wires im 
the shaft, placing them as far apart as possible, i 
using a battery of very large cells to famish 1 
current, and not many of them, assisting them withi 
relay, as already described for colliery engine-plane 
signals. In either case, the weak points will be the 
connections to the keys ; but if these are watched and 
cleaned periodically, there ought not to be much diffi- 
ctilty in working either plan. The writer decidedly 
prefers the first plan, — that with stout, well-insulated 
copper wires, — as it would need less attention. 

Signals are working on the surface in Cornish mines 
and quarries, irom the shaft top to the engine, and 
from a quarry landing to the engine. They are con- 
atmcted upon exactly the same lines as those in use 
from colliery bank to engine, 6-in. or S-in. mining beUs 
being used. If the distance required to be signalled 
over is long, the arrangements may be as in collieiy 
surface signals. 

Surface ,SV^nfl?s.— Signals on the surface of coal 
mines are used either between the colliery and a land- 
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sale wharf ; between the former and the coaling 
screens, where these are at a distance; and occasionally 
to a siding ■weigh-houae. 

They are of two kinds^ — the two-wire signal, and 
the tapper signal. 

The Two-idre Signal ia exactly similar to an engine- 
plane signal underground, except that the wires are 
supported on poles, to which are attached the insulator 
known as the "Z," shown in I'ig. 95, and 
which can either be screwed directly to the 
pole, in that case standing horizontally or 
slightly inclined, or pole brackets of the 
form shown in Tig. S6, made of galvanized 
iron, are nailed to the pole, the "Z" insu- 
lators being supported by them. In either 
case, the wires are bound 
to the "Z" insulators, fj| a 

and tliey are supported ii gii. , , , n , ,4 1 

on poles 30 to 60 yards ■* ""^"^^ 

111,, OS. •part, according to the j... ,„ 

natiire of the road. 
rEinging keys of the form shown in Fig, 72, and 
described at page 1S3, may be used at either end, and 
at any particular point if desired ; or the signal may 
be worked by pressing the wh-es together, as with the 
undergroimd signal. Where it is only required to be 
operated at a few points on the road, the better plan 
ia, to carry the wires high up on the poles, and bring 
coDBQctions down to the h'eys by means of covered 
wires. 
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"Where signals are required to be made at every 
part of the road, the wires must be within reach for 
that purpose. 

The bells, wire, and batteries for these signals are 
similar to those already described. 

Faults in two-wire sm-face signals are dealt with 
exactly as those in undergroiuid two- wire signals. 
Examine carefully and then test from point to point. 
The most frequent causes of failure of these signals 
are, besides the regular battery faults ; leakage from 
what telegraph engineers call weather contact, wet 
rags or waste stretching from wire to wire ; bad earth 
connections where they are used, and breaks in the 
covered wire, or at joints. 

The Tajtper Signal is used where communication is 
only required between two stations, such as the pit and 
the land-sale wharf, and not at intermediate points. 
A tapper bell similar to that shown at Fig. 73, and 
described on page 18i, and a battery, are fixed at each 
station, and the two are connected by a naked galvan- 
ized iron wire carried on poles, and secured to " Z 
insulators, the latter being supported either by pole- 
brackets or saddles. Terminal shackles are used ^' 
the ends of the line. Earth is used at each end ; aiid 
the connections between the lioe, battery, and bell are 
made with insulated copper wire. The earth wire naay 
be of naked galvanized iron, carried into moist groiuK'i 
with a long length buried where the gi-ound is always 
moist ; or, better still, soldered to a large plate of g'*'' 
vanizod iron. If a deep well, or a broad deep stiea''^ 
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be at band, either will form good earth, as also, in most 
cases, will the metals of the railway. 

Sis-inch bells are generally used for this work, and 
quart-sized Le Clancho or Sulphur Sal-ammoniac cells, 
as the work is not bard and tbey are not exposed to 
leakage, The insulated copper wire should be No. IS 
or No. 16, preferably the latter, well covered with gutta^ 
percJia or india-rubber, to, say. No. 6 or No. 7, 

Surface Tapper Signal Faults. — Tapper signals 
usually only develop one kind of fault, viz., the bells 
refuse to ring. 

To iind such a fault, first inquire carefully, as usual, 
whether the signal works one way and not the other, 
or refuses to work either way; as it frequently happens 
that a signal is reported as broken down when one bell 
fails, since communication is interrupted as much by 
not being able to reply to a signal as by not being able 
to send one. 

If only one bell refuses to ring, the cause will either 
be in that bell itself, or in the battery or its. connec- 
tions at the other end. As instructed in other cases, 
carefully test and renew this battery. If after doing 
so and sending a signal, you get no reply, insert yonr 
galvanometer in the line, first the short circuit and 
then the long, and observe the deflection, if any. If 
there is no deflection on either circuit, connect the 
battery wire and the Hue wire together, as already 
explained in the case of shaft-signal faults, and go to 
the other end. You sboidd now bo able to obtain a 
current, and a deflection of your galva.u.OTO.^'ifts ■s.';, -mtj 
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point on the line, or at tlie bell, by inserting the galvi 
nometer between the line and earth. Test thus at su{ 
eessive points, at the line terminal of the bell, the f 
crnm of the key, the back-stop of the key, the brf 
coils, the earth terminal, and the connection to tla 
earth wire. "When you get a deflection through tla 
galvanometer, yon will have passed the fault, Tb 
most likely faults, other than the battery, art 
key not making good contact with its back stop, tlq 
connection to either the fulcrum or the back sto 
faulty, a break in the bell coils, tlie connections to t 
terminal screws faulty, or that to the earth wire. 

The bell itself is also liable to the same structurs 
faults that have already been described, ita hammer 
standing up after giving a signal, if badly fitted, or its 
armature having worked back too far from the poles for 
the usual current to pull it up to the electro-magnet. 

These faults are easily corrected in properly con- 
structed bells, by adjusting the screws provided &r t 
purpose. 

Where neither bell will ring, so that signals caniK 
be sent in either direction, the fault is more probabi 
in the wire part of the circuit than in the batterie^ 
unless these have been left ibr some time withoaftj 
attention. Examine and renew the batteries first, a 
before. At either station insert the galvanometer ia^ 
the line, and observe the deflection. If there is a. 
break in the bell circuit, there will be no deflection oia. 
either circuit of the galvanometer. Then t?st eacTa 
station locally. Ti-y if the home bell will ring whoii 
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battery and line are connected, which may bo done 
in the tapper bell by inserting the blade of a knife 
between the lever and the battery contact. If the bell 
rings, it will show that the local circuit, comprising the 
battery, the beU coils, the key, and the battery wires, is 
in order, Take a wire either from the battery terminal 
or the battery at that end, and work outwards, making 
connection to the hne terminal of the bell, and on 
to the connection to the galvanized iron wire. If the 
bell rings when the last connection is made, carefully 
examine the earth connection and then proceed to 
the other end, test that locally, and examine the earth, 
wire. If the bell does not ring, take a wire from 
the battery terminal and work through the bell with 
a galvanometer in circuit, till the fault is passed. If 
it should he the connection to the lever from the line 
terminal that is at fault, it will account for both bells 
not ringing, this connection being included in the line 
circuit. 

Then carefully examiiio the line wire, especially 
at joints. If nothing is found, connect the battery 
wire, and line wire together at one end, and then pro- 
ceed to test for a current between line and earth, aiong 
tte route and through the other station, till the fault 
is passed. In some cases it is difficidt to get earth on 
the route ; if therefore a very careful test at each end 
reveals nothing, make a temporary return by con- 
soting to the wire rope, if there be one in use and it 
J on the track^the rails, though this is some- 
times uncertain, as the fish-plate joiiiXa otsi "tin'^ ^jicA. 
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electrical joints ; or, failing everytliiiig else, run out a 
wire temporarily for the pnrpose — a piece of naked 
No. 16 copper, or of galvanized strand, or any con- 
ductor will do that is handy and can easily be run out, 

"With a return wire you have complete command of 
the circuit, and it should only be a question of the time 
necessary to walk through it, and to make careful tests 
at various points, to find the fault with unerring cer- 
tainty. 

Telephone Connections to Mining Signals. — Telephone 
apparatus will be dealt with in the next chapter. 
Any of the apparatus that will be described there can 
be used in connection with Mining Signals, provided 
that proper arrangements are made. 

"With shaft signals or surface tapper signals, all 
that is required is a connection either between the 
line wire and earth through the telephone switch, i 
that the telephone can be brought into use by merely , 
taking the receiver off the hook, and the bell signal 
can be used at the same time. Or the telephone switch 
can be inserted in the line circuit, if the resistance 
of the bell is so low that it affects the speech. The 
former is the better arrangement. For engine-plane 
signals the connections are not quite so simple, nor is 
the working so easy. The best arrangement consists of 
a fixed set of apparatus near the engine, with the 
telephone switch inserted in the circuit, and a portable 
apparatus, to be connected to the engine-plane wires 
by the user, wherever he may be. Only experimental 
apparatus have so far been used in this way, 





r order to understand how speech is transmitted by 
' electricity, it may be wise to consider of what it con- 
sists, and the several conversions that take place in 
the course of transmission. 

In the electric telephone, speech itself is not trans- 
naitted at all ; but the acoustic energy representing it 
is transformed successively into magnetic and electric 
energy, and re-transformed into magnetic and acoustic 
energy. 

Speech is simply an arrangement of certain sounds, 
or more properly certain notes, formed by the passage 
of the air from the lungs through the throat and 
month. Two delicate membranes, situated in the 
upper part of the larynx or throat, called vocal chords, 
vibrate as the air passes over thera ; and the resulting 
sound which is emitted, whetlier it be a musical note, 
a spoken syllable, a cough, a laugh, or the baik of a 
dog, is due to the formation of the mouth, throat, etc., 
and to the modifications involuntarily made. Thus, 
to lisp, or form th, we place the tongue between the 
teeth; to mate a proper s, as in. ""jea" ■sj& t^trj 'v^^ 
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tongue to the roof of the month ; to whistle, we con- 
tract the Up3 into the form of a tubs ; to laugh, 
open the mouth wide ; and so on. 

The result is, that certain motions, known as sonnd' 
waves, are communicated to the surrounding air. EacI 
simple musical note has its own sound-waves. Tliat iafl 
to say, in order to emit any particular note, the instru- 
ment operated on must produce a certain rate of 
vibration in the surrounding air, causing a wave of a 
certain length. The sounds of the human voice, and 
even those emitted by animals, are merely certain ar-J 
rangements of certain notes, or certain sound-waves 
— each wave producing its own distinct impressioitl 
upon the surrounding air. 

In order, therefore, to be able to transmit speeclil 
accurately and efficiently, we must have an apparatus I 
that will accept each sound-wave that takes part iix.| 
the words spoken, and that will transmit either tho'l 
sound-waves themselves or their equivalent f 
in such a form that they can be reproduced elsewhere 
in the same order and under the same arrangement 
as they were spoken. This is successfully accomplished 
for short distances, by the mechanical or acoustio.l 
telephone. With this apparatus, the sound-waves J 
themselves are actually transmitted through a thin.l 
steel wire. The mechanical telephone consists of i 
diaphragm of wood, or in some cases of metal, held J 
in a sort of sounding box. To the centre of the dia- 
phragm is attached the connecting wire, which must) \ 
he strained very tight ; and, if possible, should toach^ J 
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nothing. Where it does touch, it is held by some 
form of acoustic non-conductor such as india-rubber, 
and is not allowed to make sharp bends where it can 
possibly he avoided. 

The transmission of speech or of any sound in this 
:Se depends on the fact that the velocity of propagation 
of a sound-wave through a thin, straight, tight wire 
ia greater than through the surrounding atmosphere, 
or whatever it may be in contact with, such as the 
india-rubber supports, etc. 

Telephone Eeceivers.—In Electric Telephone Re- 
ceivers, which are also transmitters, — as the Bell, the 
Grower, the "English Mechanic," the Hickley, etc., — 
the sound-waves impinge on a circular diaphragm 
which is held in front the pole of a magnet, and which 
is capable of vibrating in unison with each wave. 
The diaphragm may be of membrane stretched like a 
dram, as in the "English Mechanic" and Thompson 
receivers, or a thin plate of mica, with a piece of iron 
secured in the centre ; or it may be a circular piece of 
thin iron, very soft and flexible. In either case, the 
diaphragm is held rigidly all round its circumference ; 
.d its centre vibrates a small fraction of an inch, in 
int of the magnet pole, in unison with the air-waves. 
On the magnet pole, — which may either belong to 
a permanent magnet or to an electro-magnet, pro- 
vided that some attracting power is present between it 
and the diaphragm when speech is being transmitted, 
a bobbin of fine wire, usually silk-covered copper 
■ire of small gauge. 
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In the Gower-Bell Telephone Receiver there are two 
such bobbiua, two poles of a powerful horse-shoe per- 
manent magnet being used. 

The effect of the vibration of the iron plate npon the 
wire on the bobbin is, that a current of electricity, or 
more properly speaking, an E.M.F., is induced within 
it; this gives rise to a curreat, or to a variation of 
an already existing current, in whatever circuit it is 
included. The current so generated passes through 
the line wire connecting the two receivers, — supposing 
two to be connected together for the purpose of com- 
municating, — through the wire of the bobbin on the 
pole of the other receiver, varies the attraction of the 
magnet pole for its diaphragm, and reproduces in the 
latter exactly the same vibrations that were impinged 
on the diaphragm of the transmitting telephone, 
though in a weaker form, and thus reproduces the 
exact words and tones that were originally made use 
of. 

"Where an electro-magnet is used, the plan at present 
adopted is to provide that a current of electricity shall 
be passing through the wire on the bobbin, produc- 
ing the necessary attraction of the diaphragm, just as 
the permanent magnetism of the steel magnet does. 
The impressed E.M.F. generated by the motion of the 
diaphragm varies the strength of this current, the 
variation, of course, being common to the whole circuit 
in which the wire on the bobbin of the receiving in- 
strument is included. 

A better plan, that will pi-obably be adopted when 



the telepiione patents expire, and that will enable 
louder speech to be attained, is, to have a separate 
magnetizing coil, supplied by a local battery, for the 
attracting force ; and an outer wire for the varying 
EJit-F. 

L The " Enghsh Mechanic " receiver, the earliest form 
I Prof, Bell's instrument, ao called because tbe details 
a pubhshed in the " English Mechanic " of August, 
^7y, has a membrane diaphragm and an electra- 




Fig. 97.— Dell's Telephone Keceivor. 

gnet, and is usually contained in a small wooden 
case, the front being made to mascrew, for the purpose 
of examining the diaphragm. A silk rope, similar to 
that already described for use in bedrooms of private 
houses, etc., connects it to the instrument, two of the 
strands of the rope containing Hexible wires. 

Fig. 97 shows the Bell Magneto Receiver, the one 
r in general use. It has a pennanent magnet, a 
nphragm of ferrotype iron, and is usually contained 
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in an ebonite case, the front screwing on as with th* 
'English Mechanic," 

FJgB. 98 and d'J show the Gower Telephone BeeeivM 
which is used in the combination now known as th< 




Gower-Bell Lovd-Speaki xg Telephone, It has a horse 
shoe magnet of the form shown, so airanged that t 
polos are brought close together. It also has a niu(| 
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larger diaphragm, usually of tinned iron, held in a 
brass collar, and one or two flexible Bpeaking-tnbcs 
fixed so as to receivo the sound-waves ii'om the dia- 
phragm or to carry them to it. Regulating screws are 
provided for altering the distance between the magnet 
poles and the diaphragm. 

Fig. 100, shows the Hiokley Receiver, -which was 
very much used prior to its being declared an infringe- 
ment of the Bell Patent. It has a diaphragm of feiTO- 
type iron, and a permiiient 

magnet of ihe form sho\vn 

consisting of one centie 
pole which would be eithei 
N. or S., and three otheis \ , i I 
of the opposite name, & or 
N., joined to an iron ring 
against which the iron dia- 
phragm was strewed It 
■was fixed ill a \\ ooden ca^e, 
the front being secured by 
tliree screws and the cir- 
cumference of the diaphragm held rigidly between it 
and the case. It will be seen that by this arrange- 
ment, and that employed in the Gower Telephone, the 
resistance of the magnetic circuit was considerably 
reduced, and that will probably account for the better 
speech that each gave. 

Figs. 101 and 102 show the instrument known as 
Husband's Receiver, the invention of Mr. Cox Walhcr, 
of Darlington, of which only a few were made, and 
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Fig. 100. 
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those very uncertain in their action. The pecnliaritjl 
of this instrument was, that the armature was not th« 
diaphragm. The former was in the form of an are] 
its opposite sides being faced by opposite poles of am 
electro-magnet. On the crown of the arch rested a 
disc of mica held all round its edges. It will be 
evident that any motion communicated to the arma- 
ture, &om the poles of the electro-magnet, must raise 
or lower the crown, and with it the mica disc, 
producing the sound-waves and speech. The author 
has heard remarkably loud, clear speech from 
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Fig, 101. 



Pig. 102. 



instrument; but apparently its mica discs could not 
always be relied on to follow the motions of the arma- 
ture. As the whole was enclosed in a wood case, the 
mica disc being held in position by being pinched 
between the front collar and the body of the instru-; 
ment, it is probable that changes of temperature had 
a great deal to do with this uncertain behaviour. 

Fig. 103 shows Mr. Cox Walker's Keceiver, which ' 
he termed an electro-phone. It has an iron diaphragm 
and a very small double-pole electro-magnet, with a 
adjusting screw at the back to regulate the distance 
of the magnet from the diaphragm. The principal fea- 
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tiire of this instrument was, tte smailnoss of the iron 
core of the electro-magnet, Mr. Cox Walker being of 
opinion that rapid changes of magnetism, such as rule 
iji telephones, are more readHy accepted where the 
mass of the iron ia small. 




The instrument was enclosed in a wooden case, the 
diaphragm being held between the front coUar and 
the body of the case as before. 

Fig. 104 shows Prof. Silvanus Thompson's modi- 
fication of the "English Mechanic" Kecevvftt . ksv 
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electro-magnet 13 used, the bottom being surrounds 
by a collar of iron connected with the core. The d 
phragm bi a membrane stretched upon a ring of brs 
and supporting a disc of tinned iron in the centre, 
■will be seen that by this arrangement also, the I 
aistance of the magnetic circuit is considerably reduced: 
and the instrument speaks remarkably well, thougji 
the membrane is affected by changes of temperature. 

It is held in a hard wood or viUcanite case, the frtn 
screwing on and off as in the Bell Telephone. 

Swinton's Telephone Receiver is merely an "Ea( 
lish Mechanic," the diaphragm being a thin plate c 
vuicamte with a disc of iron in the centre 

The Stanhope andGillett Keceivera are modificatioia 
of the " Enghsh Mechanic," 

The Globe Induction Receiver, of which only a few 
were made, is for use with microphone ti-ansmittail 
working with induction coils. Only Silvanus Thomp 
son's and the Globe Receivers can be used with i 
atruments having induction coils. 

It has three bobbins, the centre one rather larg) 
than the others, and they are faced by a membras) 
diaphragm stretched drum-fashion as before, and bold 
ing a strip of tinnefl iron opposite the three bobbins 
It is held in a hard wood case, the front unscrewin 
as usual. 

Another novel form of Receiver is the invention ' 
Mr. Kotyra. It has no plate armature, neither mei 
brane nor iron disc ; but it has 
diaphragm, preferably the former, for the purpose i 
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Communicating to the air the vibrations received by 
the electro-magDet, and forming the air-waves that 
produce speech, just a3 the ordinary telephone diso 
armature does. 

The apparatus is constructed with a permanent 
magnet, with the polos bent so as to face each other, 
but allowing a space between for the two bobbins. 

On the near side of each magnetic pole is a small 
bobbin of wire, similar to, hut smaller than those em- 
ployed in Bell's Magneto- Tele phones, fitted upon a 
small iron core attached to the magnet-pole. One pole 
of the magnet is fixed rigidly to the back of the case, 
the other being free to move, and the bobbins are 
wotmd so that any current passing through the tele- 
phone circuit produces either mutual attraction or 
mutual repulsion ; that is to say, ciurents in one 
direction increase the attraction of the poles for each 
other, and currents in the opposite direction lessen 
their attraction for each other, the result being that 
the free pole moves shghtly towards or from the fixed 
pole, carrying the brass or wood disc with it. The 
periphery of the latter is held in the usual way by 
means of the open collar or mouth-piece through which 
one hears or speaks. The disc is secured to the free 
pole of the magnet by a screw passing through a hole 
in its centre. 

This apparatus speaks remarkably well, and appears 
to the writer capable of extension, and of producing 
louder speech than either the Bell, the Grower-Bell, or 
the Hickley. 
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It will be noted that in this instrument also, t 

resistance of the magnetic circuit is rediiced very c 
aiderably by the form of the magnet. 

Fig, 105 shows Ader's Telephone Eeceiver, -whidh 
was also a very sixccessfol instrument. 

Transmitters. — Though all of the instruments abov4 
describ^id u-ill act either as Transmitter or Reeeivei 
they are now very rarelj 
used in the former capacity, 
the Microphone Transmittal 
being so much superior i 
every respect. In fact, : 
is not too much to say that 
the discover)- of the micr* 
phone rendered practical 
telephony possible ; the in* 
struments in use previously 
being little better thaS) 
scientific toys. 

Speech transmitted Ig 
means of telephone 
ceivers alone was so wi 
and so Habla to hs interrupted, — though no doubt e 
portion of this was due to want of experience with thd 
instrument, — especially where the hue wire passed neat 
other wires carrying telegraphic messages,— that th« 
instruments were useless for practical purposes. 

Microphones. — The Microphone itself, the discovery 
of Prof. David Hughes, is simply a loose joint in m»* 
terjal that will not oxidize; and it is what all electri* 
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cians learn at a very early stage of their career to avoid 
in every other electrical apparatus. Carbon is the 
material now universally employed, a number of carbon 
blocks being drilled and screwed to a plain deal board 
and a number of carbon pencils fitted loosely in the 
holes drilled for them. Figs. 106-108 show forms of 
Microphones in practical use, Fig, 106 being the 
Gower ; Fig. 107, the 
Crossley; Fig. 109, the 
Ader. 

Fig. 109 shows the 
Blake, or Edison, the one 
adopted by the United 
Telephone Company and 
its subsidiary companies. 
It 13 very different from 
the others, though the 
principle of its action is 
the same. In this in- 
Btrument, an iron dia- 
phragm which faces a 
niouth-picce, supports at 
its centre a small carbon disc 
this by an adjustable spi-ing ii 
button. 

Prof, Silvanus Thompson's valve Microphone differs 
again from the rest in the fact that no diaphragm is 
interposed, as in the others, between the air-waves and 
tlie Microphone, unless the tube itself be considered a 
diaphragm, The latter consista of tliiea (i^"i\iou"^"wSa 




and, pressing against 
: a carbon or platinum 



at the upper extremity of a bent tube ; the carbi 
pencils support a small carbon ball, which dances, so to 
speak, upon the air-waves. 

Swiuton's Microphone lias also no diaphragm. Tlie 
carbon pencils forming the microphone are held in a 
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metal frame, suspended firom the base-board of t»* 
apparatus by india-rubber. 

Fig. 110 yhows a section of the Hunning Mid'*-'' 
phone, which differs again in construction from any " 
those previously described ; it having a small army *^ 
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microplionea consisting of a number 
of grains of carbon or coke held be- 
tween two platinum plates as shown, 
the whole being enclosed, for con- 
Tenience in speaking, in a wooden 
case similar to a telephone receiver J 
case. 

Moaeley's Microphone is similar to 
Hunning's, except that small carbon 
plates are used instead of platinum. 
Several modifications of Hunning's 
transmitter were introduced by the 
London and Globe Telephone Com- 
pany ; but they have not been used, 
so far as the author is aware, since 
the decease of that company. They 

Cransniitter. were principally designed lor the 

purpose of avoidmg the interposition 

a diaphragm or separator, 

veen the air-waves and the 

rophone. Another Micro- 
ns was also introduced by 

same company, in which the 

al osmium replaced carbon. 

he principle upon which the 

rophone acta is as follows : — 

i diaphragm, where one is 

I, — or the Microphone itself, 

!re no diaphragm is inter- ^'"^ 

id between it and the air-v,a\cs, — a.ciLis^\!a "CtoB 
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vibrations or undnlatioria of the air-waVes, vibratiuj 
in uaiaon with them, and so varies the electrical ro» 
sistance of any circuit of which it may form a put^fl 
in accordance with the well-known properties of an 
loose joint; the resistance offered by it being smallevfl 
when its parts are closely in contact than when thtt] 
reverse is the case. 

The Microphone Las the wonderful property of re- ' 
epondiug to all the different rates of vibration ot the 
different air-waves that go to make up speech, and of 
faithfully reproducing t.hem as variations or undula-J 
tions of an electric current, ready to he shown by any! 
apparatus that is capable of being actuated by them, 

All the telephone receivers described on pp. 248 tl 
aol are capable of being so actuated ; so that, given < 
microphone, a battery, a telephone receiver, and somft] 
wire for connecting the apparatus together, and ■ 
have all the apparatus necessary for transmittu 
speech and other sounds. 

It will be seen also that the interposition of the 
battery, by the aid of the Microphone, enables the vo- 
lume of received speech to be made very much louder, 
as the variations of cuiTent and the variations of t 
attraction of the magnet or electro-magnet for : 
diaphragm, will be variations of a larger initial fore 
In fact, with good microphone transmitters, it is 1 
uncommon thing for the received speech to be, 
parently at least, louder than the spoken message, 

Tlie Microphone Transmiiter. — But a microphom 
tdkphone, battery, and connecting wire ai"e, aftar i 
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not tlio whole of the apparatus reijuirod for ths effici- 
ent transmission of speech. Some method of calling 
attention is required ; and the most natiiral plan ia to 
use an electric bell. There must also be some arrange- 
ment by which the bell can be operated from the other 
end. Very early in tho days of electric telephony, a 
battery for calling was added to the other apparatus ; 
a push somewhat similar to those used in domestic 
bells was attached to some part of the framework or 
supports of the apparatus, and a bell was placed in a 
convenient position, at each end; so that the attendant 
at either end of a telephone hne could call the atten- 
tion of the other end, by pressing his o^vn push, there- 
by making connection between the battery at his 
station and the telephone line wire, and causing the 
bell in connection with the Ime wire at the other 
station to ring. 

The other station would reply, of course, by pressing 
its push and ringing the bell of the first station, bo that 
the caller might know when his correspondent was at 
the instrument. 

But now another requirement arose. The bell must 
be disconnected while speech was being transmitted, if 
a battery was in the circuit, or the ringing of the bell 
caused a clatter in the telephone that destroyed all 
chance of hearing a spoken message, every make and 
break in the bell-circuit causing the diaphragm of the 
telephone receiver to be sharply attracted and as 
sharply released. Thus arose a necessity for switching 
the bell off when the telephone was m \\?,e-, a.^^x'^'«'aa> 
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arranged to do tliis automatically by hanging tlie 
phone when not in nse on a hook which formed part 
a lever. The end of this lever nsually worked bBtweonJl 
two contacts, one of which connected the telephi 
line to the bell wire, and the other connected it to tlw 
telephone receiver. The weight of the telephone wM 
opposed by a spring, so arranged that immediately it' 
was removed from one end of the lever, the other end 
was pulled down to its contact; the spring, of course, 
not being strong enough to overbalance the weight of 
the telephone when the latter was on the hook. 

Soon another requirement ai'ose in one class of 
instruments. It was found that the articulation of the 
received speech was much clearer, the words cams 
ahai-per and more distinct, when a small induction coifi 
was used in connection with the microphone. 

The plan adopted, which is now almost universal^ 
is as follows : — One cu-cuit is formed, including the 
microphone, a battery of low power, the primary 
of an induction coil, and a switch. A second circuit i* 
formed, consisting of the telephone receivers at each 
end, the secondary wires of the induction coils at eadl 
end, the telephone line wire, the hook switch at eaob 
end, and the earth or return wire, whichever is used. 

To save the trouble of relerring to test-books for 
description of the Induction Coil, it had better b 
given here. It will come up again when the questioifc 
of the distribution of electric hght by what are known 
as secondary generators, or transfoi:mers, is under, 
discussion. 
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An Induction Coil is an apparatus for tranaforming a 
current of low tension into one of higher tension, or 
vice versil, the conversion being accompanied by a 
cliange in tlio strength o£ the current. It; consists of 
an electro- magnet liaving two instilated wires wonnd 
on it, one usually of larger gauge than the other. A 
few turns of the larger wire are generally wound next 
the iron core, and outside that, but carefully insulated 
from it, a much longer length of the finer wire. An 
arrangement is usually added for breohing the circuit 
of the larger or primaiy wire, in which a battery is 
included ; the result being thai, by the property of 
electric induction, as described on pages 41 and 42, 
each time the primary circuit is bi^oken, and each 
time it is completed, a current rises in the secondary, 
but of higher E.M.F. between its terminals, approxi- 
mately in proportion to the ratio between the numbers 
of turns in the two coils. The two currents generated 
in the secondary coil are in opposite directions, accord- 
ing as the primary circuit is made or broken. 

It will be obvious that a bi-ea7; of the primary circuit 
is not necessary for the generation of a current in the 
secondary. A variation in the primary will give rise to 
a corresponding E.M.F. in the secondary; and this is 
the plan adopted in the telephone transmitter. The 
microphone vibrates, varying the resistance of the pri- 
mary circuit in unison with the undulations of the 
sound waves, and this variation gives rise to currents of 
Very much higher E.M.F. in the secondary coil, than 
are passing in the primary, so ths\t a Iu^Ny "^.i^S .\% 
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obtained for the line and telephone circuit, without the 
necessity of employing a number of cells. 

It may be observed also, that the use of the In- 
duction Coil enables a given Telephone Transmitter to 
be adopted for transmitting speech to any distanew 
Avithin certain limits, and that this may be don^ 
either by altering the battery power employed in ths 
microphone circuit ; \xsing a larger or smaller numbecm^ 
of cells, and thereby generating a higher or lowei^^ 
E.jVI.F. in both, primary and secondaiy coils ; or ^'" i"^ 
altering the windings of the coils and using a standar<^:^ 
number of cells, the E.M.F. being varied by varyiu^^^S 
the proportion between the convolutions of the twL-* " 
coils. The latter is the method employed by th^^^ 
G.P.O. electrical engineers and by the United Tele ^^^" 
phone Company, 

With Transmitters using Induction Coils, the hoo^Kk 
switch, as before, connects the telephone line wire t**- -" 
the beil, or to the telephone, according as it is on or o^^^ 
the hook ; but it is now required to perform anothe" "^^ 
operation, namely to close the microphone circuit whei^K^^i 
the telephone is in use, and to break it when the latte -^s*^ 
is not in use. Various methods of accomplishing thi— .^^ 
have been devised. So far as the author is awar^^^i 
Mr. L. J. Crossley of Halifax was the first who prc::^:^^ 
duced a practical Telephone Transmitter, and many cz^^^ 
his instruments are stiil in use, doing good service. 

The shape of his micrt^bone has already been show"^"^^ 
in Eig. 107, p. 256, Fig. Ill shows the appearance cX^^* 
bis Transmitter extemally. The internal arraiigemet;^' 
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Pfollowa. A substantial book Bwitch, pivoted near 
'centre, works between two contacts, one being 
inected to the bell terminal on the outside of the 
!e and the other to the small bar terminal which 
■wire of the telephone cord; the other bar 
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■minal, to which is connected the other wire of the 
ephone cord, is connected to one end of the second- 
f wire of the induction coil, the other end of the 
.ter being connected to the earth terminal pf the 
strument, 
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TLe hook switch also carries, inside the case of tl 
inatrament, an insulated bar of German silver, again! 
which rub two German-silver springs, the whole bei] 
arranged so that when the telephone is on the 
these springs rest on vulcanite ; when the telephone 18 
taken off the hook, the switch bar conies down and the 
microphone circuit is closed by the two springs rubbing 
on the German-silver har. 

The top of the instrument is secured to the body of 
the case by screws, and the terminal screws of the 
microphone are connected to their proper place in the 
circuit by small flexible coils of wu-e, similar to those 
described in connection with bells, indicators, etc. 

The connections of the microphone circnit in Cross, j 
ley's Transmitter are as follows : — J 

One terminal of the microphone is connected to onsU 
end of the primary of the induction coil, the other end] 
of the primary being connected to one of the GermouJ 
silver springs before referred to. The other terminal" 
of the microphone is connected to the earth terminal of 
the instrument, and a wire from the battery, throtigh 
a terminal provided for it on the instrument, to the 
other German-silver spring. 

A stout brass spring key at the side of the in- 
strument, or a push in front, as shown in the figure, 
serves for calhng and also for receiving a call on tlm 
bell, the spring itself being connected to the line, hjf 
way of the back stop of the hook switch and thid 
bracket against which it presses, to the bell terminati 
A wire from the battery leads to a terminal oa the 
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side of the instniment ; aiid from there a small 
wire ia taken to the front stop of the key. When the 
key or push is pressed, connection between the line 
ttnd the home bell is broken, and a current is sent to 
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line, to ring the bell at the other end ; when at rest, 
■w-ith the telephone on the hookj the bell is connected to 
316 ready to receive a call. 
Two telephone receivers can be connected to the twq 
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' bar torminalg, one wire of each cord being connected 

' to each terminal, the current dividing between them. 

This arrangement greatly facilitates the receipt of a 

message, as external sounds are excluded much better 

wlien both ears are engaged, 

Johusoa's Transmitter is similar in principle to 
jrossley's, with the exception that Mr. Johnson con- 
ceived the idea of providing a by-path for the micro- 
phone current, in ease it should be too strong and 
cause excessive sparking at the microphone contacts. 
This by-path, or shunt coil, consists of a coil of wire 
placed inside the inatrument. The liook switch per- 
forms the double office of making and breaking both 
telephone and microphone circuits, but it is tlone in a 
slightly difierent manner to Crossley's, certain springs 
being raised out of contact at one time and allowed to 
fall into contact at others. Fig. 112 sliows Johnson's 
Transmitter, with a Bell Telephone Receiver attached, 
A large number of these instruments are in use, and 
they work remarkably well ; but in the author's opinion 
there ia no advantage in the shunt coil. If a by-path 
is wanted, another carbon contact is better. 

The Gotcer-Bell. — The Gower-Bell Loud Spealiing 
Telephone, as it is called, is a combination of the Gower 
microphone transmitter and the Gower-Bell telephone 
receiver already described. It is undoubtedly the 
best instrument in the market at the present time. 
Fig. 113 shows its appearance externally. A maho- 
gany case has a movable frame at the top, supporting 
a thin deal board, und^r which is the microphone wliose 
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. was shown in Fig. 106, p. 2Ba. It will lie seen 
&om what has been said on electric circuits, in Chapter 
n. and the division of electric circuits into branches, 
that the star form of the Gower microphone, the oblong 
form of the Crossley, and the gridiron form of the 
Ader, are all methods of accomplishing the same 
object that Mr. Johnson had in view in designing his 
apparatus with the alinnt 
coil. These have also this 
decided advantage, that 
each of the branches acts 
as a microphone, so that if 
any of the carbon pencils 
should be broken, tho 
transmitter does not cease 
to operate so long as one 
of the other branches is 
intact. 

Fig. 114 shows the in- 
ternal arrangement. The 
Gower-Bell Receiver is 
placed on the base of the 
instrument, diaphragm 
downwards ; the latter being held in a 
screwed to the base-board. Facing the diaphragm is 
the nsiial opening for the sound waves, but in this case 
it ia filled by the open end of a Y piece of speaking 
tnbe — flexible tubes with the usual mouth-pieces being 
attached to each leg of the Y, At each end of the 
base-board are hook switches, the hook bein^ a.rtsa^'i 
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horizontally instead of vertically, aa in tlio 

and Johnson inatniments ; the object being to provide 

for the support of the ends of the flexible tubes 

One of the hool switches controls, the telephone 
and beU circiiit connecting the bell to lino when the 
tube is on the hook and thp telephone tn Imp through 
the induction cod TvhRn tl c tube is oft the hoolv the 
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other controls the microphone circuit, merely making 
and breaking contact when the tube is off or on the 
hook. 

An induction coil, as in the other forms of instru- 
ment, is attached to the base-board, and a trembler 
bell is attached to the back-board ; a sjiace being cut in 
the base-board to allow the bell dome and hammer to 
protrude. 
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»h6 two hcwka, one for each switch, form a very 
rovantageous arrangement, considerably leasomng the 
possibility of a contact failing, 

A push at the top of the back-board, working the 
usual double-contact ringing key, completes the instru- 
ment. The spring, which is attached to line, presses 
against a plate of brass let into the back of the in- 
strument, and faces a small bracket forming the 
battery contact, so that the whole of the ringing key 
is hidden and cannot be examined without taking the 
instrument down from the position it occupies when 
in use, screwed against the waU as shown. The 
connections between different portions of the instru- 
ment are also at the back, and therefore hidden, 
which is a disadvantage in the writer's opinion ; 
though it is fair to say that neither the ringing key 
nor the connecting wires at the back of the instru- 
ment often give trouble, and that the arrangement 
gives the apparatus a very neat and finished appear- 



Tho Blake Transmitter, which is the one employed 
hy the United Telephone Company and its dependen- 
cies, differs from the others that have been described 
in being made in two parts, both of which are placed 
vertically, usually screwed to the waU of the room, or 
placed on a stand made for the purpose, resting on a 
table or office desk. It also differs from all the others 
in presenting its diaphragm vertically to the sound 
■waves, instead of horizontally or at a small angle with 
the horizontal. One of the cases contains the BlftliLs ct 
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Edison microphone described at p. 255, and shown 




Tie. 109. with the induction coil, The other case con- 
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tains tlie switclies, the ringing key, and sometimes the 
caU bell. 

The switch is perhaps the simplest and most beauti- 
ful arrangement that has yet been devised. It consists 
of a stout brass disc, carrying in its periphery four 
pins, two of which switch the line from bell to receiver 
circuit, and the other two close the microphone circuit. 
The disc turns on an axle in its centre, as a wheel, 
being impelled by the weight of the telephone receiver 
on the one hand, when depending from a hook placed 
eccentrically on the disc, and on the other by the usual 
opposing spring. 

Facing the four pins, are four straight steel springs, 
in connection with the different wires as described. 
As the disc turns on its centre, it brings one pin above 
in contact with its spring on one side aud one below on 
the other side, and when it turns in the opposite direc- 
tion, one set of pins leave their respective springs and 
the other set of pins engage with those opposite to 
them. It will be noticed that this arrangement com- 
bines several advantages. The contacts all keep them- 
selves clean, by nibbing together each time they 
engage, and there need be no undue strain upon the 
steel springs nor danger of contact when not required, 
as the pins leave thera quite freely, by reason of their 
forming part of the periphery of the disc, to which the 
springs are tangents, 

The ringing key in this case is also in the form of a 
small push, the springs and contacts being very much 
as in the G-ower-Bell combination instrument, except 
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that they are inside the case, instead of beliiiid the 
back-board. The connections of the instrument, how- 
over, are principally in the back-board ; and in tliB 
eariier instruments tho hinges of the case formed part 
of the circuit. 

In other forms a small magneto-electric machine a 
used for calHng, the whole of the switches, microphoM 
etc., being in one case. Attached to the same caseii 
a writing desk, with a small cupboard underneath, ii 
which is placed one No, 2 Le Clanche cell, the ap* 
paratus being arranged to work with that. 

The Blake combination speaks remarkably 
when everything is in order ; and it has the advantag( 
that one has not to bend over the instrument eithel 
to send -or receive ; in some instances it being possible 
to send a message, and receive a reply, seated at a tabh 
several feet from the mouthpiece of the instrument. 

In the author's opinion, however, it is not equal fa 
all-round kwor, to the Gower-Bell combination, m 
the Crossley or Johnson — mainly, because its micro 
phone is so delicate, It has been already explainw 
in connection with the merits of the Johnson shxu 
coil and the Crossley and Gower and Ader micro 
phones, that these latter possessed the advantage o 
having more than one branch circuit within the micro 
phone itself, so that any excess current is divided be 
tween a number of possible sparking places ; and thai 
further, if one contact breaks or gets clogged ■ 
dust, or burns itself into firm connection, the instro* 
ment is not disabled, the other contacts receiving an< 
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insmittmg the sound- 

■63. 

' this reasoning 
correct, the Blake, with 
only ono contact, must 
be mora hable to de- 
rangement by sparking, 
and must require moio 
frequent attention ; and 
this is found to be so, 
according to the experi- 
ence of those who ha,vo 
had opportunities of 
judging. 

In the author's opin- 
ion, also, the form of 
the microphone renders 
it Hable to derange- 
ment from changes of 
temperature, from loud 
noises, and other causes 
that will not dfFect 
other instruments. 

Figs. U6, 117, show 
Prof. Silvanus Thomp- 
son's complete instni- 
ment. Fig. 116 being 
the exterior appearance 
of one that is designed 
ft^or long lines, and 
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yig. 117 for shorter ones, Fig. 118 shows the esteriof 
of an earlier instrument in which all the switching wi 
performed by one book switch, of a duL-k's-bill form. 
The appaiatus includes the valve microphone already 
dpscrihed, the carbons being 
ut tlie upper end of a wooden 
tube and covered by a glsi 
the lower end of the tube 
forming the usual mouth- 
piece for the reception of tlw 
sound-waves, and being benk 
at right angles as shown. 

The working parts of the 
instrument are contained ia 
the case in front, the bell 
hi ing on the base-board,( 
uiidci'noath the microphoi 
In the enrher instruments i 
was on the top of the swito 
case. 

The ringing key is simile 
to that of the Blake, and k 
placed either in front or s 
the side of-the case, ^^ 

In this instrument, it wi| 
be remembered, the receivet 
have to be excited by a bst 
tory current, and the switches therefore have tlu 
additional work thrown on them of making and breallS 
Jag this battery circuit, aa well as connecting the bel 




Fig. 117. — Prof. Silvatiaa 
Thompson's Cooikincd Appa- 
latua lor Short Lines. 
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the telephones md 
the microphone 

Prof. Thomp on 
iises no Jnchicti n 
coil with the m^tiu 
ment for short d 
tances ; aud th i 
by, as will Ve s 
greatly simph 
the construction 

For the long di 
tance instmment 
the connections aiL 
somewhat compli 
cated. From tl 
line terminal ct tl 
instmment the 
rent passes s.-i n 
to the ringiiip, 1 
and thehooh&wit 1 
and then div id s I 
tween the battel \ 
the full strnngth ol 
which is employed 
the two reueiMis m 
parallel circuit the 
secondary coil ot the 
induction coil, and 
the coils of the bell ; 
all the branches 




1. — Prof. Silviiuus Thompson's 
Earlier Combination Instrnnient, oonsislini! 
ot the Valve Microphone Trausmitter, with 
two BeoeiTeM, and DaalL'%-\AU.^VLi^. 
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ler at the earth terminal of the inBtru 
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imilmg 
ment. 

As in other inatniments also, a portion of the ha.iter^^Z-'^ 
only is used for the microphone, one part of the micro ^^^^^-** 
phone circuit being connected to the earth terminal^-* 
From the battery, a wire leads to the primary wir^"^^ 
of the induction coil, ■which, however, is in duplicate ^ i 
and on passing from the induction coil, the micro— ^^^^ 
phone circtiifc divides into two branches, one bvandrz-S-" 
consisting of the microphone itself,, and the other 
small shunt coil, which performs the same office w 
the shunt coil in the Johnson and the multiple carbon: 
in Ci-ossleys, the Gower, Ader, etc. 

The above arrangement, as will readily be under "- 

Etood, necessitates considerable complication in th^^ 
switches, and also a special arrangement for the bell— - 
When the bell is required to ring, for calling attention^ 
the trembler contact is left in circuit ; when it is not> 
required to ring, the trembler contact is cut out o£" 
circuit ; so that when the telephone is in use, th» 
armature of the bell-cods is held up to the magnet. 
The object of using the hell-coils in this way, is statecL 
by Prof, Thompson to be, to act as an induction plug j 
and, as it were, to steady the current which is working^ 
the receivers. The author has not found any dif- 
ference, however, in the received speech, when th» 
induction plug has been dispensed with. The duch's— 
bill switch that was used in the earlier instruments, 
has five contacts to make each time the telephone i3 
in use, and one to make when not in use. The leyei^ 
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is pivoted at one end, and held down by a strong spiral 
spring, so that when the telephone is not on the hook, 
or rather in the duck's bill, it presses against a bent 
spring imderneath it. Two steel p'-s pass through 
the body of the lever, instdated from it, and four brass 
springs, bent slightly out of the vertical, engage these 
pins ; making contact with, them when the telephone 
receiver is in use, and disengagmg i'rom them when 
the receiver handle is in the diick's hill, "^he outer 
end of the lever, which projects from the case, forms 
with another brass arm, an apertiu-e something the 
shape of a duck's bill, and when the receiver handle 
is placed in the mouth of the duck, so to speak, the 
upper part of the bill is forced up, the lever inside 
breaking the five contacts already described and mak- 
ing contact with another bent spring above. 

The author has no experience up to the present with 
the short-distance instrument ; biit, for the reasons 
already mentioned, he would predict that speech would 
not be so clear, the articulation not so good, without 
the induction coil, as with it. 

He has heard remarkably good speech from the long- 
distance instrument ; at times quite equal to that of 
the Gower-Bell combination ; but it is not so sure. 
In order that one may obtain good loud speech and 
clear articulation, it is apparently necessary to 
large battery-power ; that is to say, large cells 
a comparatively large number of thera. 

Eight of the lai'gest sized Le Clauche or Sulphur 
Sal-ammoniac cells are, so far as the autkov's e,TL- 
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perience has gono, always necessary for the receivers, 
even on the shortest lines ; and three, four, and even- 
five for the microphones ; only two, or at most three, 
being used with other forms, except where, as with, 
Gr. P, 0. Gower-Bell instniments and United TelepUons 
Ck).'s, the induction coils are wound to work with fool 
cells and the winding varied with the distance. 

The increased number of switches wonld naturally^ I 
also be additional possible sources of failure ; and it ia- ■ 
found therefore that though this instrument is capable. \ 
of, and does very good service, it requires more atten- 
tion than the Gower-Bell, Crossley, or Johnson. On^ 1 
serious drawback to this instrument is, that it is very" 
difEcuIt to arrange more than two stations on one lino^ 
if trembler bells are used. If you have three or more^ 
the bells of the stations whose instruments are not in^ 
use will be ringing if they are tremblers, and causing^ 
a clatter in the receivers of the stations that are trying^ 
to speak. 

In the whole of the telephone transmitters thatliavo 
teen described, an induction coil is used, for the reason* 
already given, viz., because it gives clearer articulation- , 

"With the Hunning and the Moseley, however, 
induction coil was used ; the Eev. Mr. Hunning, thoj 
inventor-, holding a contrary opinion on this point. 

With this instrument, therefore, one or two receiverdJ 
are used, and only one switch is required besides the* J 
ringing key. In fact, even that one may be disp 
with, as the fact of connecting the receiver and trana- , 
jmittcr and battery to hue, rings the bell at the other 
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end, if the battery is stvoiig enongli to ring through 
the resistauce of the local receiver and transmitter. 

Where two receivers were ased, the transmitter was 
held in a brass crutch attached to the switch board. 

This form of apparatus has the decided advantage 
that electro-magnetic receivers can be used without, 
as in other cases, the necessity of complicated con- 
nections ; but the results are never so good ; and even 
the speech transmitted by these instruments themselves 
ia greatly improved, according to the author's experi- 
ence, by the addition of an induction coil. Further, 
though speech is fairly good with electro- magnetic re- 
ceivers, it ia always best with magnetos ; that is, with 
instruments having permanent magnets. 

In use, the microphones of the Hunning transmitter 
freq^uently get caked or set together, causing blurred 
speech ; but this is c[uickly remedied by shaking the 
instrument sharply. 

This defect ia not so apparent in Moseley's trans- 
mitter ; but otherwise the two instruments behave 
very miich alike. 

In the Swinton telephone transmitter, the micro- 
phone, as ah-eady explained, is unprotected, except by 
the metallic frame in which the carbon pencils are 
held. The remaining parts of the apparatus are, the 
backboard upon which the whole is mounted, the bell, 
the switch that connects and disconnects the telephone 
from the line, and the ringing key— this last being in 
the same form as that of the Blake and Thompson in- 
Btniment?. 
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Switchboard for Two lUceimrs without Microphone.-' 
Where the former are of the magneto form, all that 
required is, tliat the hne shall be switched from t 
bell to the telephones by the operation of talcing tt 
latter off the hook, and that a ringing key shall 1^ 
available for sending a current through the hell at tl]*^ 
other end. Any arrangement will answer that properly *' •' 
fulfils these cohditions. 

Where electro-magnetic receivers are used, th- -*^^^ 
switch must connect the battery to the line througt '^ 
the receivers when the latter are taken off the hook. 

When two receivers are used without a microphone^^^' 
they are usually connected in parallel circuit ; that i^^- ^ 
to say, the current divides between them. The series 
arrangement can be adopted if preferred, but the 
parallel arrangement generally works best. One : 
ceiver is uaed as a transmitter, and the other, or both^ 1 
as receivers. Three instruments can be used, of course, 
by providing a rest for the third, to avoid the necessity 
of removing one from the ear. 

The arrangement of two or three receivers is only 
efficient for very short lines, such as for communicating 
between different parts of dwelling-houses, etc., and 
not then if either station be in a noisy place. 

Telephone Circiiitx. — To connect two or more stations 
together, we requke a complete set of instruments at 
each station — a transmitter of some one of the forms 
described, one or two receivers (two are always better 
than one), a call-bell, a batteiy or small magneto- 
electric machine to operate the call-bell at the other 
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md, a battery for the microphone (forming usually 
part of the calling battery), switches, and a ringing 
key. In addition to these, an insulated wire is re- 
quired for connecting station to station, and either 
earth or a return wire to complete the circuit. 

"Where the wile can be fixed overhead, a naked gal- 
vanized uron wire is used, usually No. 11, though the 
telephone cnnipmies use a stranded wire consisting of 




Fig. 110.- 



a Fluid Inaulator. 



'ullvi's luaulator. 



three No. 16 wires. The line wires are supported 
either by the " Z " insulators shown in Fig. 95, 
p. 237, or some other form designed to give a higher 
degree of insulation, such as Fuller's, shown in Fig. 
120, or Johnson's fluid insulator, shown in Fig. 119. 
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Tor terminating line wires, the sliackle insnlato^^^^^ 
shown in Fig. 86 are used. Telephone wires shou^KJ'i 
always be terminated, or shackled off, as it is techn-^d^" 
cally expressed, on either side of streets, roads, etc. 

Over towns, great care is required in fixing telephocrr^e 
wires, as serious accidents may result should a wi^:^ ^^ 
fall in the street. In order to minimize the mischi»- — " 
that a falHng wire can do, streets should always ti-^^s 
crossed as nearly at right angles as way-leaves wi^S^H 
allow ; the wires should ho kept o£F the main thorougl^^^" 
fares as much as possible, and should be carried ^^^ 
high as adjacent buildings wi- -^ 
permit. It is usual to attac — -*' 
the insulators of telepboit * 
wii'es to the chimneys c^ ^ 
buildings ou the route, wber^ 
permission can be obtained , 
using for this purpose eitbel"! 
a comer bracket, consisting of a piece of iron bent to 1 
the shape of a chimney and nailed to it ; the fluted f 
bridge or wall brackets shown in Fig, 121 ; or, better 
than either, especially where the chimney is not of j 
the strongest, a stout wire band passing twice round 
the chimney, the two portions of the band lying on 
different courses of bricks. 

The corner brackets are nailed to the chimney by 
the large clout nails used for pole brackets, the nailfl 
being driven into the plaster. 

The bridge or wall brackets can only be used when 
the brickwork is very substantial, and when the strain 
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is eitlier towarcis the chimney or at right angles to the 
line of the bracket, and never where there is much 
strain, such as in the case of a long span. 

Corner hrackets also, though very convenient and 
inexpensive, should only be used when the resultant 
pull is towards the chimney, or at least at right angles 
to one arm, and then only if the span is short. 

One very great trouhlo that arises with telephone 
wires in towns, is the "humming that frequently ac- 
companies them. It can be heard at any telegraph 
pole on a country road, and is often very loud. Some- 
times it is due to the wind passing across the wire, 
setting it in vibration ; sometimes, apparently, to 
vibrations caused by heat. In either case, the result 
is apt to be very troublesome to the inmates of the 
houses to which it is attached. 

The trouble is, however, not difficult to overcome, 
Make your spans as short as possible. The humming 
and howling are always worst on houses or poles 
forming rests for wires that stretch some distance 
before the next rest is reached, and particularly when 
the space passed over is open to the prevailing winds. 
Next, you have to break the acoustic circuit between 
the wire and the chimney. Terminate your wire on 
opposite sides of the chimney, using separate wire 
bands, and keeping these as far apart on the chimney 
as possible, and make the connection between the two 
parts of the wire by means of a piece of wire well 
covered with india-rubber. 
Often this is sufficient ; but if not, replace tke qh- 
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dinary shaclde insulator by one of india-rublier ; t\i^ 
acoustic circuit will be completely broken, and tl>^ 
bumming will give no farther trouble so long as tV^^ 
india-rubber remains sound. 

When the rubber perishes, a^ even the beat dc^^ 
with exposure to the atmosphere, it must be replace 
or the acoustic trouble will begin again. 

Another cause of trouble with telephone wires ov 
towns is, the smoke and acids that rise over the to^""'"'^ 
rapidly rusfc the wire ; the difference between the li^^ 
of a. country wire and of a town wire being at lea^^* 
as two to one. Good wire, well galvanized, arrests t^^-^^ 
action for a time, but only for a time. The zinc cove^*^^'"' 
ing is soon used up, leaving the iron exposed beneatZ^ 
Often, too, a flaw in the galvanizing will allow chem^^*'" 
cal action to commence and to go on underneath tlr^^;^^ 
zinc. 

Wires over towns, especially smoky ones, shouL-- " 
be overhauled every autumn, and any portion that ^^^ 
getting thin renowed, as the winter storms will be sui"^' 
to find out weak places, break the wire, stop commim*-" 
cation, and possibly do some damage to the roofs as wel^ ■' ^ 

This difficulty may be got over in several way^-» 
Larger wire may be used, giving, of coiirse, moi 
stance, but at the same time larger surface for chemiea.»J 
action, and for the clinging action of the snow that i 
ao troublesome at times. 

A better plan is to use No. 11 wire, covered with i 
complete envelope of braided yarn, saturated in com-— 1 
position that will resist acids. 
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' tliB braiding ia well done, it very moteriaUy 
B life of the wire, though it also materially 
adds to its cost. 

Another plan is, t<i use copper or phosphor bronzo 
wire, it being weil known that most chemical ele- 
ments that are found in tho atmos]Dhero of smoky 
towns have a far greater affinity for both iron and ziuo 
than for copper, 

"Where tho hne ia long, this has the advantage also 
of reducing its resistance, which is of importance ; 
though again it adds to the cost if either the protection 
from chemical action or the reduction of line resistance 
are to be of any value. 

One thing should always be avoided. Never fix 
wires with welds in them over towns ; use wire drawn 
in one length, or cut the weld out and make a joint. 
Never allow a kink in the wire to remain. If serious, 
cut it out. The wire will always part at welds or 
kinks. 

Snow is occasionally a great destroyer of telephone 
lines ; hut it would appear to be only once in some 
eight or ten years that we get a storm in this country 
that combines in itself the necessary qualifications for 
Berious damage. When, however, it does possess those 
quahfications, the destruction is very serious indeed. 

As a rule, the snow either falls harmlessly off the 
wires, or if it does he sufficiently thick, and for a 
sufficient time, its eS^iscts are felt most on the insula- 
tion of the line, the weight of the feathery particles 
; usually very gi-eat. But in certain, stoxrma.^ 
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fortunately rare, the snow appears to settle on the ■v 
and fireeza there, forming a bed for fresh snow, which 
also freezes, so that the size of the wu-e goes on i 
creasing ; and, moreover, it is a compact niEiaa of i( 
presenting a large surface to the wind, the result beinf^ 
that miles upon miles of strong, well-found telegraph 
and telephone Hnes have been wrecked in a few houraj 
there being, of course, in addition to the weight of the 
wire and ice, and the wind pressure on the enlarged 
surface of the wire, the enormous contractile force due 
to the very low temperature — this contractile foroft 
acting not only on the wire, but on its icy skin, 
these forces act in the same direction ; and the resold 
has been that the heavy atorm which was felt all oves 
the kingdom a few winters back is stated to have ( 
the TJnited Telephone Company £30,000 in damage 
done to wires, fixings, buildings, and incidentals, ova^ 
London alone ; while the Great Western Railway, the 
General Post Office Telegraphs, and others, all suffered 
very severely. 

For connecting the outer line \vires to the instru- 
ments, or for running underground, where that can b» 
done. No. IG or No. 18 copper wire should be use^ 
covered to No. 7 or No. 6 with either gutta-percha,; 
india-rubber, or Call end er's compound. The larger 
wires are preferable, and there is not much choiot 
between the three forms of insulation, as all perid 
with exposure to changes of weather. 

Care should be taken, in fixing these wires, that the 
insulation covering is not damaged, especially wh^a 
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any wet drips. Do not lead the wire over the sharp 
edge of an iron water-shoot. Protect the wire by 
boarding if possible. 

For the inside of offices, etc., and for connecting to 
the battery, No. 20 and No. 22 copper wire will do, 
covered with india-rnbber, gnlta-pei'eba, or Callender's 
componnd, and then laid over with cotton, the same 
wires that are nsed for domestic electric bells. The 
larger the wire and the thicker the insulation, the longer 
it lasts without repair ; but a No. 20 for battery wires, 
and No. 22 for other connections, usually answers very 
well for private telephone work. It is generally neces- 
sary to staple the wires nsed for connections to tele- 
phones, in offices, etc. This should be avoided if 
j>ossible ; but where no other plan of securing them 
jn their places can be arranged, be carefiil to staple 
«ach batferif-'wire by itself, and to see that the staple 
does not touch, either another wire or another staple 
iolding another wire. 

It is wisest to staple all the wires separately ; but 
AS it is difficult to make them look neat, if this plan 
33 adopted, those used for general connections, as to 
Ijell, bne, earth, etc., may be stapled together without 
^nuch danger, if care is taken. Ot course, if the hue 
aind earth wires, say, are stapled together, and the 
staple cuts into both, makuig connection between the 
■wires, the instruments are cut out by the short circuit 
:formed by the staple. But with well-covered wire 
and careful stapling, there is not much danger of this ; 
if it should occur, the most that could '. 
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would be a stoppage that any intelligent line-man 
would discover and put right in a few minutes. 

If, however, one of the battery wires should be 
stapled with another, and a connection be made be- 
tween them, it may bring a seriousstrain on the battery; 
and further, if moiBture be present, will assuredly part 
them, 

Induction and Leakage. — Two other sources of trouble 
with telephone lines are induction, and leakage from wire 
to wire; causing a clattering in the telephone receiver 
when powerful currents for telegraph instruments axe 
passing in adjacent wires, and reproducing telephoaf 
messages passing in them. 

The cause of this is twofold. Where wires run ftf 
miles together on the same poles, a leakage path i^ 
formed from wire to wire at each pair of insulatoMp 
by way of the moisture that usually condenses on thcj 
cold surface of tlio insulator, the iron bolt of the \je_ 
sulator, the iron bracket, and the pole itself, if dam^ 
It wiU be evident, in this case, as in that of the engintt 
plane mining signal, that though the resistance of asA 
such path may be very great, the resistance of a largt 
number will be comparatively small, so that a enrreirf 
passing in one wire can find its way into any others on 
the same line of poles, and may operate the iostrtlf 
ments attached to them. If any two wires run toi 
gether for a auffioient distance to reduce the resistant* 
of the leakage path between them, the combined 
sistance of this, the path, the wire, instruments, 
sarth on either line may be small enough to allow 
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tent to pass through them ixoni the other Hue of 
ficient strength to work the apparatus ; aud as tele- 
phone receivers work with very low currents indeed, 
it will easily be understood that on long lines there is 
considerable trouble from this cause. 

There is also another form of leakage from wire to 
wire, viz., by way of earth. Where, as frequently hap- 
pens, a number of telephone lines run iirto s, town, and 
are connected to the gas or water service, especially 
if the joints of the branch pipes to the mains are not 
vciy good; or, iu other words, the resistance of earth is 
comparatively high ; a portion of the incoming cmTent 
may find its way out again through other wires con- 
ueeted to the same eai-th, and complete their circuit 
through another path. 

Nor is it necessary, for earth leakage, that the second 
wire into which a portion of the original current passes, 
should be connected to the same metals in the earth. 
Provided that the path for the cun'eut from the re- 
ceiving station to the sending station (or one of them, 
tts there may be several), crosses the path of another 
wu-e terminal, it will naturally include that wire in the 
return circuit. It must not bo forgotten that earth 
circuits obey Ohm's law jast as every other circuit 
does ; and further, just as iiny conductor looped to ano- 
ther conductor carries a portion of the current, in ao- 
cordancQ with the law of branch or divided ckcnita, 
80 does each portion of the earth's cmst take its share 
in the work of transmitting the return ciu'rent, often 
taking it miles round to bring it home ; and so each 
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conductor couuected to it by an earth plate, and 'p^^ 
haps connected to earth by another plate at the ofcl^^ 
end of the line, carries off a small portion of the ret>^i"' 
current, and may thus divide it with another wire "^ 
the same poles and going to another earth, and "2^ 
ogain with other wires that have terminals in the p ^"^ 
of ita own earth. Thns it may easily come to jr>a^^ 
that a portion of a telegraph current sent over a :x^^'^ 
miles of wire, say in Cornwall, may, on ita ret-'*'^ 
jonrney, pass up to Glasgow and down again. 

The above is merely intended to show how it eai»— _ 
. possible for a current passing in one wire to appea**^ ^ 
another with which it has apparently no connect^c-"'^' 
With comparatively coarse instruments, using powe^-^ 
cun-ents, such as the single-needle and the old A.^^^^-^' 
telegraphs, leakage currents could only affect tl^^^^"^ 
own line, by reducing the strength of the cuirenf;—— -^ ^' 
the receiving station ; but with such sensitive ap^ "P " 
ratus as telephone receivers, which necessarily respc^^^'' 
to very small forces, the trouble is more to get rid — . 
these stray currents and stray messages; or rather, -^o.' 
the latter case, to prevent the message on one w"""^"^^ 
finding its way into others. 

It will be easily understood, of course, that ea^^*''. 
time the current splits off in the manner deacribedj^ ' ^ 
becomes weaker, and its action upon a telephone ^^' 

ceiver less ; so that for practical pin-poses one has i^^'" 
to go beyond the immediate earth connections a— -— '"^ 
Hne leakage connections of any wire. 

At the same time, it may be mentioned, that "^ 
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leriea, a message has been heai"d on one wire sis 
Biles from the wire in whieli it was transmitted, there 
teing no connection between the two except by way 

of earth. 

The other cause of the clattering in telephone 
receivers connected to wires running in the neigli- 
bourhood of other whes in which telegraph messages 
are passing, and of telephone messages being repro- 
duced on neighbouring wires, is the peculiar phenome- 
non known as Induction. 

»The phenomena are folly described on page 40. 
iFor present purposes it will be sufficient to reraem- 
r that where two wires run side by side, as telephone 
wires do on poles; when a current passes in one wire, 
at the instant of its passage, a ciurent is generated 
in the other wire, in the opposite direction, by induc- 
tion ; and when the first cuiTent ceases, a cun"ent rises 
in the second wire in the same direction as that which 
was passing in the first. As aheady explained in 
connection with the Induction Coils that are used in 
telephone transmitters, neither an actual generation 
nor an absolute cessation of current are necessary for 
induction to take place, a variation of current is suffi- 
cient ; but of course the greater the variation, the 
greater the induction, and thus the sharp reversals 
of the comparatively high-tension currents used with 
single-needle, Morse, and other telegi-aph instruments, 
give rise to sharp clicks in the telephone receiver, 
which drown any spoken message, unless special 
arrangements are made to overcome it. 
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Teleplione messages, however, are faithfully repm* 
dnced nptm neighbonrmg wires, and often wi^ M 
mach distinctness as it the two wires were taia; 
tliongh it is not clear whether this resnlt is due to 
Induction altogether, to leakage, or to both ; probably 
to both. 

Then, as to the remedy for these complaints. First, 
let it be noted that there are two complaints to be dealt 
with. One is, that, — owing to the clattering caused, 
in telephone receivers attached to wires nmning on 
poles with other wires, by Induction and leakage from 
the wires carrying telegraph currents,— it is, or waa, 
often impossible to hear the telephone message. It 
was as though some one was hammering on a tin can 
close to one's ear while a second person was speaking, 
In fact, it was easier to hear a telephone messaf 
a large ironworks, where huge steam hammers wera 
working, than to liear on a line running for any difc 
tance iu the neighbourhood of telegraph wires. 

The remedy for this complaint lies in increasing tJw 
power of the telephone current entering the receiver} 
and this may be done by increasing the E.M.F. gene- 
rated by the induction coil, either by winding th* 
coU itself specially to give a higher E.M.F. with a 
given batteiy; or, if it is inconvenient to alter the. 
, inatiTiment, by increasing the battery power in the 
microphone circuit. 

With telephone apparatus nsing Induction coils, the 
author has never failed to secure good speech ovW 
lines up to thirty miles, running on poles with up" 
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WJU'ds of tliirty otlier wires using telegraphic instru- 
ments, provideil the Indnctiou coil was properly con- 
structed. Two receivers, or one with two tubes, such 
as the Gower-Bell, were always used, and a siifTicient 
number of cells employed in the microphone circuit. 
The effect of adding cells to the microphone circuit of 
a Gower-Bell combination instrument, where the in- 
duced clatter has drowned speech, is very striking. 

"With direct- current instruments, the equivalent 
remedy is to employ more battery cells in the line 
wire ; but, so far as the author is cognisant, no striking 
success has been obtained over long distances with 
these instruments, when opposed to Induction and 
leakage from other Hnes. 

Another very beautiful remedy, which has been 
introduced on some of the Continental telegraph lines 
in order to use them for the transmission of both tele- 
phone and telegraph messages on the same wire at the 
same time, is that designed by M. Van Rysselbei^ghe. 
He places at each end of the line, between the line 
wire and the telephone receiver, an electrical con- 
denser ; that is, an apparatus for storing electricity 
electro-statically. It will be noticed that the tele- 
phoue circuit is actually broken at each end, by the 
condenser, so far as the passage of a current is con- 
cerned ; biit that the variations of E.M.F. arriving at 
one plate of the condenser are faithfully reproduced by 
electro-static induction at the other plate, and thence 
in the telephone. The telegraph instrument being 
OE n branch circ\iit connected to line beyond t\\e. ^l«^- 
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denser, receives its owu current, but cannot "worfe^B 
tlirougli the condenser ; wMle, on the other hand, tbj^H 
resistance of the condenser is so high that the tel9i^| 
graph current, for practical purposes, cannot pas^S 
tlirongh it. ^| 

The writer is not aware if this plan has been triec^| 
for stopping induction between wire and wire ; but i^| 
is certainly probable that the extra work given th^M 
induced ciiri'ent, or the leakage current, by the cdH^I 
denser, should weaken its effect upon the receiver. ^M 

The other trouble produced by induction and lea^S 
age is the overhearing of measages. It is obvious tbdW 
this is a very serioiis matter, "Where two wires ruij« 
ning together are owned, one say by a firm of clotlw 
manufacturers, and the other by an iron firm, th^fl 
inconvenience is not serious. In very damp weather^H 
with the insulation of the wkes very low, it caajfl 
necessitate one firm's waiting ttU the other has doriSB 
speaking ; hub no serious harm is likely to follow if thcr] 
iron people are advised of the price the cloth people 
are going to ask for green meltous ; nor if the latter 
discover the latest price of best pig iron. But, where _ 
there are several firms, all in one line of busineaa; 
whose wires run on the same poles, as in the case of li 
number of collieries wlio ship their coals at the e 
port, the inconvenience may be very serious indeet 
The remedy for this,^and there is only one, so far t 
the author is cognisant, — is to use a complete metal 
circuit, thus displacing earth and one source of lealfi 
a^e, Fijrther, the return wire is ruij as close as i 
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Bible to the line wire, and with a twisting raoti^m, each 
wire circhng round the other, as shown in Fig. 122. 

The object is to neutralize the induction. It will be 
obvious that if two wires, forming the line and rctmn 
are exposed to induction from the same primary wire, 
the net result on tlio circuit so exposed will be wl : 
the ftco induced cuiTents opposing aud neutralizing 




each other. But even tliis has not baen found to ba' 
completely effectual ; as, owing to differences of posi-" 
tlon, there may be a difference in the E.M.F. generated 
in one half of the wire from that generated in the 
Other half; and this difference, if sufficiently great, 
1 operate the telephone receiver. 
Ihe plan shown above lias, therefore, been adopted, 
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in order that the relative position of the two wires nwy 
be the same with reference to other wiies throHgliOHt 

the line, and that the insnlation of the line wire from 
the retnm may be efficiently carried out, which wonw 
not be always an easy matter where they are very clo* 
together. But here a mechanical difficulty has crepl 
in. Telephone lines fixed on this plan take np more 
room on the poles, and are more difficult to maintaiiL 
than, when single ; a broken wire being a source 
serious trouble. 

It will be seen, however, that the plan, where it can 
be efficiently applied, overcomes both the difficulty (rf 
speech being drowned by the clatter of the induced 
currents from te!ogi-aph lines ; and also that of usen 
neighbouring wires hearing each others' messages. 

Another plan was tried with Hunning'a tranS 
mitter and Cos-Walker's receivers. It was thougbi 
that if the effect of induction could be reduced 
by diminishing the sensibility of the receiver, speed 
might still be heard without the clatter of tele 
graph currents, and without danger of overhearing 
For this purpose the ordinary Hunning-Cox-Waika 
combination was used, and the electro-magnets i 
the receivers were pulled back by the regulatia; 
screw until induced currents no longer operate 
them. Then, when this point was attained, the 1 
tery power was increased until the speech, whiel 
had also disappeared or become very faint, re 
appeared in its full vigour. Unfortunately, whel 
speech reappeared, induction did also; the apparatu 
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tiat coiild be operated by ths currents represeutiiig 
IUq one, responding readily to the other. Another 
important point that ctiBio out in the course of the 
experiments was, the iinmenao superiority of the 
&ower-Bell combination, with its induction coil, over 
the direct current aiTftugemenb. Two Gower-Bell 
iustinaments were connected to the same wire, and 
under the same conditions as those ruling with the 
Hunning-Cox-Walker uppai-atus, the hne being seven- 
teen miles long, and rnnning on the Taff Vale Railway 
poles with some fifty others, most of the latter using 
single-needle telegraph instruments. 

Long after speech had ceased to be intelligible in 
the Cox-AValker electro-magnetic receiver, when using 
Hunning's transmitter, it was distinct ii' the Gower- 
Bi.li transmitter was used, though the resistance of the 
Hunning transmitter was interposed. In fact, it was 
difficult to regulate even the Cox-Walhcr receivers, so 
that they failed' to receive when the Gower-JJall ti'ana- 
mittor was used for sending. 

Multiple Stations.— "Whtira more than two stations 
are to be connected, the simplest plan is as follows. 
At each station fix a complete set of apparatus, includ- 
ing a transmitter, one or two receivers, a call-bell, and 
a battery or magneto call and connecting, and earth 
wires. Run the line wire to the neighbourhood of 
each station, merely leading the covered wire from it 
to the line terminal of each transmitter ; so tliat the 
apparatus will form branch circuits, the hne wire being 
common to all, and each branch leading to earth. 
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Then, when one station calls, the bells at ali titfl 
others ring; and by giving each statioi; a nuDil)Q^| 
any particular station can be called at will', ^| 

The author has an-anged as many as six statioifl 
together successfully on this plan. One drawtack ^H 
the plan, however, is the fact that all the stations caijH 
hear what any two may be saying to each other. Om 
the other hand, this ha^iits.advantages, as a head xac^H 
ager can summon all his subordinates to a couferen^H 
by telephone at any time, though they may be milofl 
apart, and the conference can be carried on practicalhH 
with aa much ease as if they were seated together ifl| 
one room. fl 

It must be noted, however, that it is not easy tM 
arrange this plan of multiple stations with diree^B 
cuiTent apparatus, such as Hunning's, Moseley's, orl 
Swinton's, or with those in wliich a powerful battery 
is connected to line when speaking, as in Silvauna 
Thompson's ; and for the reason already mentioned, 
viz., that the bells of the other stations may be ringing 
the whole time that any two are attempting to speak, 
the result being a continual clatter in the receivers, 
which effectually drowns speech. The clatter is due 
to the variation of the exciting cuiTent of the receivei-a 
by the breaking of the other heli-circuits, and the _ 
induced currents generated thereby. Connecting t 
batteries so aa to oppose eacli other will not he!p the] 
case much, as, though batteries may be of exactlyS 
equal E.M.]?, and resistance when first connected uj^ 
they do not reraain so long ; and even if they did, whe( 
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the batteries at stations A ancl B are connccterl to lino, 
tLe bell at station 0, ■witli its earth couiicctiou, forma 
a circuit for both. 

One method of oveicoming tliia difficulty is, by naiiig 
single -stroke bells, and allowing the Iiammevs of the 
bells of other stations to remain np while two are 
speaking. If this plan is adopted, the resistance of tho 
bells slionld not be low, as otherwise they mciy seri- 
ously affect the received spoecli by shmiting a portion 
of the working cnn-ent, 

Singlc-stToke bells, however, are not so well adapted 
for calling attention as the contimions sound of a 
trembler bell ; and therefore, if some other plan can be 
found, it is better. 

In one installation that was fixed by the author's 
firm, they were successful in working four stations 
■witli direct-current instruments, and without any 
trouble with clattering, such as described above. The 
secret of success seemed to bo, that the bells wore con- 
structed to work well when connected directly to the 
battery at the calling station, through the ringing key 
of the latter ; but would not work with the small cuiTcnt 
which fell to their share when divided with two other 
bella and the receiving apparatus at tho third station ; 
the transmitting apparatus at the fourth station being 
common to all the branches. Even in this ease, if the 
batteries were very strong, one or other of the bells did 
give an occasional clatter, but it never lasted. 

Faults in Telephones. — Telephonic communication 
between two places may fail, either from on,e atatvcsa. 
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being unable to call the other, or from failure tc 
mit or to receive speech. 

If either one of these causes be present, the -whoW! 
apparatus is useless for practical purposes, since, if a 
station is either unable to call or unable to rccf 
a call, it cannot comraimicate except at uncertai: 
times; and if either station cannot send or » 
receive a message, it is not of much use the other bein 
able to, as it takes two to make up a conversation. 

Therefore, whoever is in charge of telephonic aj 
ratus, or whoever may be called upon to put telephonic 
apparatus in order, would do well to follow the rule 
already given, and spend a few minutes in making 
careful inquiries as to what portion of the apparatus 
has failed. A user will generally only know, at first, 
that he cannot communicate ; but a few careful 
questions will usually elucidate such facts as — that th^ J 
can speak all right if they can only call attentioHj 
which shows at once that it is the calling part of th( 
apparatus which is out of order ; or, it may be th^ 
can call all right, and one end can hear the otheTjB 
but the other end cannot understand ; and so o: 

If of two stations, A and B, A cannot call B, whilfl 
both can hear, clearly the iault must be in A's batter^M 
ringing-key, or connections, or in B's bell or conneC 
tions, and rice versd. If A can hear B, hut B cannota 
hear A, the fault must be in A's sending apparatus, ot'l 
in B's receiving apparatus, and rice versO. 

If neither can speak or hear, but each can call t 
pther: the cause may be in either pending apparaiui 
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or, more probably, it is a break in tlie receiver circuit. 
I±' neitlier station can call, nor lieaf, it is eitlier a 
break in tlie line, faulty earth, or both batteries are 
exhausted. 

In any case, alvrays commence by testiug the 
battery at the station you first arrive at. The batteiy 
is the part of the apparatus most likely to fail in every 
case, therefore always make sure of that before pro- 
ceeding further. Then, if it is a case of B's bell not 
ringing, and you are at station A ; carefully examine 
the wires and connections between the battery, the 
key, and the line. A break in the wire leading from 
the battery to the transmitter batteiy terminal, or in 
the wires connecting that with the battery stop of the 
key, will prevent a cmTent being sent to line. Such 
a break might occur at a staiile, at a terminal of the 
transmitter, either outside or inside,— wires often break- 
ing off short at terminals, — at a soldered connection to 
the battery stop of the key, or any other soldered 
connection, or at a kink in the wire if it has been bent 
sharplj'. If no break can be seen, or detected when 
the wire is pulled, teat from the battery stop of the 
key to earth with the short eu'cuit of the galvano- 
meter. The deflection should be the same as at the 
battery. 

If still no fault appears, disconnect the line wire 
from its terminal and insert the galvanometer, and then 
press the ringing key as for calling. Do this with the 
long and the short cu'cuit of (he galvanometer inter- 
posed alternately, and carefully note the deflections. t£ 
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there is no detlection with either galvanometer circi^| 
disconnect the line wire and tte battery wire, and cofl 
nect them together through the galvanometer. If b^H 
no deflection is obtained, the fault is probably at wM 
other end. If a deflection is obtained with the battefj^ 
and Une wii'ea connected directly together, and none 
when the key and hook switch are in. cii'cuit, the 
fault is in the instrument. Connect the line wire to 
its terminal, leave the battery wire connected to the 
giilvano meter, and with a wire &om the otber terminal 
of the galvanometer connect successively to each point 
in the path of the line calling current, from tbe line 
terminal to the ringing key. AVhen two points are 
found, at one of which, when connected to the galvano- 
meter wire, a deflection is obtained, and at the other 
none, or the deflection is greatly reduced, the break 
will lie between them, If the fault appears to be at the 
other end, either leave some one at one end to send a call 
signal when you are at the other station, or connect the 
calling battery wire and tbe line wire directly together. 
The former method is preferable, if you have some one 
to leave who can follow your instructions and will do 
exactly as you wish ; as, if you connect the battery 
wu'6 and the line wire together, you will have to come 
back to the first station to disconnect these and to 
connect thom to their proper terminals. On tbe other 
hand, clerks and others who nse the instrument have 
not always the time to give to yonr requirements, and, 
do not always clearly understand what you xeqaire. 
In any case, make some arrangement to have j 
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curi'eiit on the line, in a similax' manner to that 

described for shaft signals, and proceed to find this 

cniTent at the other station. 

First disconnect the line wire from its terminal, and 

connect it to the earth ■wire, through the galvanometer, 
observuig the deflection both on the long and short 
circirits ; the deflections of these two forming a very 
good guide to the uatni-e of the fault, when a little 
experience has been gained. If no cuiTent is obtained, 
work back to the nou overhead wire ; but this will 
only be necessarj- in the case where no current passes 
either way. "Where the bell rings one way, it is usually 
proof that the Une is perfect up to the line terminal of 
each instiTiment, Assuming therefore that a deflection 
is obtained with a current on the line from the o;her 
. station, when line is connected to earth through the 
galvanometer, but that the bcU will not ring; ex- 
amine the latter carefully ; see that there are no wires 
broken either inside or outside the bell-case, that the 
insulated contact screw against which the spring of 
the armature presses, is making firm contact with its 
spring, and also that the spring leaves the contact 
when the hammer moves to the bell. See that the 
eavth connection of the bell ia perfect. Examine 
the hook switch inside the transmitter, the connection 
to the spring of the ringing key, and the back contacts 
of the hook switch and ringing key. 
K nothing is discovered, such as a broken wire, dirly 
ineotion, or dirty contact, proceed with the test, 
ict the line wire to its terminal, Lawiyaiaj 'vlaR- 
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galvauomcter conneetcil to earth on one side, and tlisl 
other wire free, "With this i'ree wire touch each point, 
io succession, in the path of the current from the 
Hue terminal to the eartli side of the bell, as the 
inside of the line terminal, the fulcrum of the hooh 
switch, the back stop of the hook switch, the lever 
of the key and its back stop, the terminals of the bell, 
etc. As before, a deflection will be obtained through the 
i^alvanometer at each point, xiutil the break is passed; 
and the latter will lie, as already so often detailed, 
b:!lween the la,st two points where tests wei-e made. 

If neither bell rings, proceed exactly as detaildj 
above ; but in addition, as the fault may be in the lira 
wire itself, test the latter in the same way, putting'! 
cuiTGut ou and connecting to earth through a galvanffl 
meter, until the two points are reacbed, at one i 
which a deflection is obtained and none at the other. 

It is not always an easy matter to test from tlie lid 
wire to earth, as the latter may be difficult to obtai^ 
On the other hand, it is not often that the fault i 
the Ime wire ; and if it is, it will most assni'edly eithd 
ho a defective joint between two lengths of Iron wis( 
between the iron wire and the copper leading-in wilS 
or a break in the latter. 

A carei'ul examination of all joints should discov! 
the fault, if careful tests at each end show the fault to 
bo in the line wire ; and it is then a simple matter to 
repair it. A detector galvanometer \\'\i\i which tht 
tester has had some experience, is of immense ■ 
ia tests of this kind; as, by taking the two tests 1 
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can judge of the nature of the fault with great cer- 
tainty, more particularly if he has made previous testa 
on the same wire with the same instrument. Thus, 
assuming a partial disconnection in some portion of the 
calling circuit. Oa inserting the galvanometer, the 
short circuit woiild prohably show no deflection at all ; 
so that if that test alone be depended on, a total break 
would appear to he present. The long cu'cuit, on the 
other hand, would show the deflection more or leas 
reduced, according to the nature of the fault ; and from 
the two readings, combined with previous experience, 
it woxild be known that probably a dirty contact or a 
joint not well soldered was responsible for the failure. 
Hf neither circuit showed a deflection, the line-man 
~would know at once that he had a total break in the 
circuit, such as a broken wire, or a contact-piece not 
"touching its fellow. 

Again, there are cases where a bell refuses to ring 
"because the current which ought to pass through its 
<;oils, passes either wholly or partially by anotlier path. 
Some one may have accidentally disconnected the bell 
~^he from the transmitter and connected it to the 
^arth terminal, so that the calling current is passing 
^directly to eai-th instead of through the bell coils. Or, 
"the naked line wire may be touching something which 
is carrying off a portion of the current before it 
"reaches the bell, not allowing sufficient to reach the 
latter to work its armature and hammer. 

In such a case, the long circuit would not afford 
L irnich guidance hy itself', as it would merely indicate 
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u very slightly increased defloction, and possibly not 
tliat, if the battery was not at full strength. Th^ 
abort circuit, however, would tell the tale instantly, bj 
a considerable increase in the deflection. A fault oT- 1 
this kind is exceedingly troviblesome to iiud, nnleS^J 
two are engaged in the work, one remaining at on* 
station with the galvanometer in circuit, noting tl*-* 
deflection from time to time when the key is pressei^^' 
and the other going to successive points on the lin -^ 
and disconnecting, as described for Mine Signals. IT "^ 
would be an almost endless task for one man to finC^^ 
a fault of this kind, unless it happpened to be ver^^ 
near one station, or he possessed a very quick eye "**' 
and was familiar with every portion of the wire, a^^^ 
he woiild have to come back each time to note his de — -^ 
flection. With two, however, the fault should onlj"^ 
take the time necessary to get to it and to make the^^^ 
successive disconnections and reconnections on the ^^ 
way. Even with two men, however, on a line wire, 
considerable time may be taken up, if joints have to 
be disconnected and re-made. Probably one man 
woxild go through the line, disconnect at one end, and 
then carefully pass each part of the wire in review, 
the other man noting the deflection from time to time 
until it disappeared. The disconnection of successive 
sections would be resorted to only as a last measure. 
Where a Wheatstone bridge is in daily use, a simple 
resistance test will show the position of the fault ap- 
proximately ; but probably those for whom 1 
pages are written would hardly care to be troubled 
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I snch a delicate and expensive piece of appavotus 

? the snke of discovering a fault that does not often 
occnr. Imperfect inanlation of the line wire, say from 
"broken insulators not having been replaced ; or from 
those in use having become filled with dirt, will have 
the same effect, though usually in a minor degree, as 
direct contact between the line wire and earth. 

The construction and use of the "Wheatstone bridge 
■will be fuUy detailed in the other part of the work. 

Faults in Hearing or Eeceimng.—li Station A reports 
that Station B cannot hear when Station A speaks, but 
that Station A can hear when B speaks. Examine the 
microphone circuit at A. The microphone battery, 
having the hardest work, most frequently breaks down. 
If the microphone cells test weak, change them for 
some of the others in the calling battery ; or where a 
magneto-call is used, renew the microphone battery. 
Carefully examine all contacts, wire connections, etc., 
and observe the sound in the receiver at Station A 
-when the microphone board is tapped. If this is clear 
and loud, the fault is in the receiver at the other end ; 
if not, it is probably in the microphone at station A, 
which must be carefully overhauled, with its contacts 
and connections ; and the same plan of bridging over 
successive portions of the microphone circuit may be 
adopted, that has already been described for other 
faults. 

It has been already mentioned that microphone con- 
tacts spark when spoken to, and create dust, which in 
some cases duUs speech, and in others, gives riaa -to 
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a humming sound which effectually drowns it. The 
dnat may usually he got rid of by a smart rap on the 
case of the instrument. There must not be too much 
rapping, of course, or the instrument may be damaged. 

If the fault is in the receiver at the other end, it 
may be in the diaphi'agm. "With continual work, the 
centre of the diapliragm, especially in membrane re- 
ceivers, is sometimes puUed so close to the magnet 
pole, that its free vibration is impeded, and speech is 
more or less muffled. With iron diaphragms, turning 
the diaphragm over is usually sufficient to remedy this. 
With membrane diaphragms, the magnet must be 
drawn back, or a new diaphragm fitted to the instru- 
ment. A peculiarly troublesome fault of this kind 
occurred to some membrane iusti'uments that passed 
through the writer's hands. In making the instru- 
ments, some filings appear to have been left inside, 
quite out of sight. In use, however, these worked 
out and formed a magnetic connection between the 
magnet pole and the diaphragm, preventing the latter 
from vibrating, and completely stopping tho speech. 
It was a very simple matter to remedy this, but it waB 
often very troublesome, as it necessitated a railway. 
journey to accomplish. 

It will also sometimes happen with new telephone 
receivers, that the diaphragms are placed rather too 
far from the pole; and the inductive effect of the latter 
is BO much weakened that speech is faint. With iron 
diaphragms this can be remedied by bending the 
centre of the diaphragm in a Uttle, With membrane 
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aiapliragms, the magnet inust be brought closer, or a 
new diaphragm fitted. 

"Where both bells ring, but neither station can hear, 
the fatilt is generaUy ia some portion of the receiver 
circnit. It may be a wire connection broken from a 
terminal inside the transmitter, or at a kink within the 
induction coil, or where it has been soldered. A switch 
may not be making good contact ; or lastly, and most 
fi-equently, a wire may be broken inside the flexible 
telephone cord, This last ia a very tronblesome fault, 
as it is apt to be intermittent; that is, it wiU be on and 
off within a few minutes. In the early days of tele- 
phone work, faults of this kind gave more trouble than 
almost any other. The reason they are sometimes 
intermittent is — the flexible wire is composed of a 
number of fine wires, or in some cases of a fine wire 
■woimd transversely on a core of cotton or silk. In 
either case, the wires in course of time break ; but the 
"broken ends being close together, from the construction 
of the rope, sometimes they ai'e in contact and some- 
times apart ; and so it will happen that even moving 
the arm holding the telephone receiver, will make or 
break the contact, so that speech may be cut off in the 
middle of a worfl. 

The contact springs of some instruments also fre- 
quently give trouble. "Where a spring has to work to 
and fro, and the passage of a current through it to 
another spring or lever depends upon its always being 
firmly in contact with the latter, the spring should be 
gZaade either of very hard brass, well haTQ.TOfi\e,d.^ i^t ^ 
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steel ; and it should be difScnlt to make the spriBgl 
take any permanent position except the one intendedl 
for it. Unfoilunately, however, it is sometimes f 
convenient to stamp these springs out of soft brass,^ 
which works more easily. The result ia that, though 
at first these springs work fairly well ; alter a time, de- 
pending upon the amount of use they get, they stand 
back out of their proper position, the spring beingw 
gradually taken out of them, and they fail to mal 
contact. 

The finding of one of these faults, where neither can " 
hear, though both can ring, is a very simple affair, and 
consists simply in testing at each station with the 
battery and galvanometer or telephone receiver. Dis- 
connect the line wire from it^ terminal on the instru-* 
ment. Take a wh^e from the battery wii'e through i 
detector galvanometer, and touch successively on th| 
line terminal, and at each connection and each contaoi^ 
noting the deflection on the galvanometer ; or takinj 
the telephone receiver off its hook and noting th^ 
click. 

It will be obvious that there will be no deflection on 
the galvanometer, and no cKck in the telephoi 
long as there ia a break in the circuit formed hy 
earth, the battery, the testing wire and galvanometer, 
and the portion of the instrument included between 
the testing wire and earth ; but immediately this 
break is passed, the galvanometer needle will be de- 
flected. 

To find a fault of this kind, test the battery 
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Station A and see thab it is \\p to working strength ; 

■'.test tlu'ongh the transmitter and receiver as described ;' 

fijiea, if the fault is not found, remaiie all connections 

?at Station A, as for regular work ; proceed to Station 

i'B, and repeat the operation. 

Telephone Exchanges. — Where the number of stations 
p be connected exceeds foixr, and there is hkelj' to bs 
touch inter-communication, the simple branch circuit 
. above described would probably not be suit- 
iible ; and what is known as a Telephone Exchange 
3 necessary. 

A telephone exchange may consist of any number of 
stations, from three upwards, and may be arranged in 
different ways. Thus, all the hues from each station 
taay be led to one centra! office ; or there may be 
•Jistrict offices in different localities, into which the 
lines from the stations in that locality are led ; the 
station itself being in connection either with the, 
general centre or with another local centre between 
itself and the general centre. In any case, the ai'- 
rangements are much the same. There is a complete 
Set of apparatus at each station. At the centre there 
ia also a complete set of the same apparatus ; but in 
siddition, there is an indicator, one of whose numbers is 
connected to each line wke. When any station calls, its 
indicator shows, usually by dropping a disc on which 
its number is given. The attendant at the centre, whe- 
ther local or general, immediately switches his instru- 
ment on to the line whose indicator has dropped. If that 
station merelj' wishes to communicate with the centre, 
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he receives the messages, discoimects thti line from his 
instrument, and waits for another call. K the calling 
station wishes to speak to another station, the attendant 
calls that station and connects the two lines togetheE 
by means of the switch provided for the purpose, 
that the two stations can communicate. 

If the calling station wishes to commauicate with a 
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Fig. 123. — Ciroukr switch (or connectinfi tbree Telopliona StatioiM. 
When tba connecting piece is torned in ouo direction, say top eud to Iha 
rioht, Blationa A and B can Bpeah, Etation C ia connected to the spate 
citll-beU. When turned to tlie left, stations li aud C can spesk, station 
A ia conneoted to spare call-bell. 

station not in direct conneetiou with the local centre, 
the attendant will call the general centre and connect 
the caller with that station, and the operation will- 
proceed as before. 

For only three stations, where one ia only required 
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occasionally, and it ia desired not to hear what the 
others ere saying, a circular switch arranged to con- 
nect the telephone at the centi'al to one of the lines, 
while the other line remains connected to a bell, is 
very convenient. It will be noticed that either station 
can call the centre, even when the other is speaking. 
The principle of the indicators used for telephone 
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Fig. 121.— Telephone Indicator. Fig. 123.— Telephone Indiontot 

exchanges, is the same as that of domestic house-bell 
indicators ; hut as they have to work over very much 
longer lines, and to stand uncertainties in the matter 
of earth connections, leakage, etc., they are made 
more sensitive, that ia to say, more readily responsive 
to weak currents ; and they are also made, or should 

be, even less liable to doraiigement from changes of 

temperature. 
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Figs. 12-1 aud 125 show tlie two principal forms of 
indicator that are used. In each, the action of the 
current upon the electro-magnet attracts the armatrao 
aud thereby releases a shutter, which, on falling, re- 
veals the number of the caller. 

Switches for telephone exchanges are somewhat 

varied, For small exchanges a plug switch may be 

used. Placing the plug in one hole between two 

pieces of brass makes con- 

^ nection between line and 

^ - L-^ indicator ; placed between 

«_: '■'I another pair of brass 

^' f**! plates, it makes connec- 

1 tion between the line wire 

* I and the telephone appara- 

1 tus. Two plugs placed in 

""^ " two holes between three 

brass plates complete tb 

connection between t 

two lines. 

A more favourite pli 
with the telephone 
panies is that shown in Fig, 12G, where, when at rea^ 
waiting for a call, each line is connected to its 
indicator and thence to earth, through the springB 
ehown. 

To connect with the telephone, and with each othal 
what are called Jacks are used. These are simp) 
pieces of vulcanite having brass plates on one sidsj thi 
brass plates on two Jacks being connected to a fiexibb 
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outsider, the arrangements and the operations are vei 
puzzling. 

Fig, 127 shows one form of telephone exchange calL- 
board. 

Automatic call offices, which are now being used ir:^^^ 
Manchester and other towns, are worked something oi^^^ 
the plan of the automatic cigarette boxes. The weight::^™ 
of a coin of a certain value makes contact and rings up^*^ 
the local centre, who in turn rings up a subscriber, .^ i 
when communication can go on. In some cases, the ■^^ 
automatic arrangement cuts off communication at the ^^ 
end of a certain period, unless another spell is paid for. — " 

Probably these automatic call boxes will only last 
until the call offices become sufficiently popular to 
admit of the payment of an attendant, and meanwhile 
they must necessarily be a source of some anxiety and 
trouble in maintenance, owing to their delicacy. 
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PRACTICAL ZOOLOGY. Ey B. P. Colton, A.M.,I 
in Biology, Ottawa High School. Crown Svo. cloth, 
iSa, 4J. td. 

CORN WELL'S SCHOOL GEOGRAPHY, 3^. 6*' 

With Thirty Maps on Steel, SJ. W. 

GEOGRAPHY FOR BEGINNERS. 

With Questions, li. 41^. 

DURHAM UNIVERSITY CALENDAR, ' 

Almanack. Cloth, u. bd. [PuilislieJ annual^ 

JOYCE (P. W.) A HANDBOOK OF SCHOO] 
MANAGEMENT AND METHODS OF TEACHING 
ByP. W.Joyce, LL.D.,Jic. \Uh edilicn, revised. Cloth, y. & 

A NATURE READER. Seaside and Waysidf 
By Julia McNair Wright. Cloth, u.fid. 

An elementary Reader for young children, designed to inst 
a love of Natural History. It treats of crabs, wasps, spiden 
bees, and some univalve molluscs. 



PINNOCK'S HISTORY OF ENGLAND. From 

n of Julius CiKsar. With a Bic^raphical and His- 
torical Dictionniy. Questions for Examination, Genealogical 
Tables, Progress of Literature and the Constitution, &c. lllus- 
ted. Continued by the Rev. W, H. Pinnock, LL.D. Ntm 
ediiian. i2mo. 6s. 

■ HISTORY OF GREECE. With an Introduc- 

1 [he Natural and Political Geography of Greece, Dic- 
tionary of Difficult Tenns, Questions for Examination, Genea- 
logical Tables, &c. lUustiated. By Dr. W. C. Taylor. Naa 
edition, izmo. 5^. &/■ 

- HISTORY OF ROME. With an Introduc- 
, the Geography of the Roman Empire, Notices of the 
laii Manners, a.nd Illustrations, Questions for Examination, 
I Chronolc^cal Index, &c. Illustrated. By Dr. W. C. Taylor, 
I Ahc idision. lamo. Sj. dd. 

iNNOCK'S CATECHISMS OF THE ARTS, 
' SCIENCES, AND LITERATURE. Whitlalter's Improred 
Editions, Illustrated with Maps, Plates, and Woodculs, care- 
fully re-edited, i8mo. price grf. each. 

HISTORY— Modem— Ancient— Universal— Bible and Goa- 
pel — Scripture — Chronology— England — Scotland — France — 
Am erica — Rome — Greece — Jews . 

GEOGRAPHY,— Ancient— Modem, Improyed Edition- 
Modem, Original Edition— Sacred — England and Wales — Use 
of the Globes. 

GRAMMAR,— English— French— German-Itaiian- Latin 
— Spanish — Greek : Part I. Accidence. Part II. Syntax and 
Prosody— Hebrew, 

MATHEMATICS, &e.— Algebra (two Parts)- Arithmetic 
— Geometry— Navigation— Land Surveying. 

RELIGION.— Religion— Natural Theology- Scripture His- 
tory — Bible and Gospel History, 

FINE ARTS, &c.— Architecture— Drawing— Perspective- 
Music — Singi ng. 

LITERATURE.— Mythology— Rhetoric— Logic— British 
Bi^raphy — Classical Biography. 

MISCELLANEOUS.— First Catechism— General Know- 
ledge — Intellectual Philosophy— Agriculture— English Law — 
Heraldry — Medicine — Moral and Social Duties— Trade and 



Whittaker and Co.'s List of ' 

SCHLEYER'S GRAMMAR, with Vocabularies 
Volapuk (the Language of tlie World), for all Speakers 
English LnnguBge. Second (greatly Revised) Editior 
W. A. Seret, Certificated Teacber or the Universal Language 
Crown 8vo. pp. 420, sewed, 5j. bd. ; cloth, 61. W. 

SHUMWAY (E. S.) A DAY IN ANCIENT ROME 

With numerous Illuslrations, By Edgnc S, Shiimvray, Pro- 
fessor, Rutger's College, New Brunswick. Small 4I0. cloth, Ji, 



WATTON'S ORIGINAL AIDS TO EDUCATION, 



:s of Tablets, in Stiff Covers, 31/. each. 



Leading Events of General His- 

Chief Events of Old Testament 

History. 
Chief Events of New Testament 

Prophecies and other Scripture 

Subjects. 
Chief Events of Grecian History, 
Chief Events of Roman History. 
Chief Events of Eastern Empire. 
Chief Events of German History. 
Chief Events of English History. 
Chief English Battles and Results. 
Chief Events of Scottish History. 
ChiefEvents of French History. 
Chief Events of Prussian Histoty. 



ChiefEvents of Russian History, 
Eminent Men of Modem Times. 
Chief Events of Church Histoiy. 
Natural System of Botany. 
The Linnican System of Botany. , 
Natural History — Zoology. 
Natural Philosophy. 
Principles of Grammatical Analy- ' 

sis, with Examples. 
Guide to English Parsing-, witk.' 

Examples. 
Abstract of Heathen Mytholc^. ' 
Word Formation— Sanon, G- i 

tin, and Greek Prcfiiea ' ' * 

Examples. 
Oiief Grecian and Roman Battle* . 

and Results. 



LARGE TYPE SERIES OF TABLETS 



WATTON'S SKELETON EXERCISE BOOKS. 

For History, Geography, Biography, Analj^is, Parsing, and 

Chronology, with Script Headings and Specimen Page. Price 

regulated by the thickness of the books, 1j. and 2s. each. 

Also now ready, a filled Bit^aphical Exercise Book, 2 Series, each [j 

Charts systematically arranged with date words, 60 pages, 

cloth, II. Selected Descriptive Poetry, u. 

Object Lessons,Nos. I, 2, 3, and 4, 31 pp., in stiff covers, 2d. each. 




fecfiool anD (Hnittersitp analpscs. 

By the Rev. Dr. Pinuock. 

ANALYSIS OF SCRIPTURE HIS- 
TORY ; Intended for Readers of Old Testament History, and 
Diversity Enaminatioos ; with Maps, Copious Index, and 
Exsmtrmtion Questions. iStno. cloth, 31. ixl. 

ANALYSIS OF NEW TESTAMENT 
HISTORY; Enib racing the Criticism and Interpretilion of 
the original Text ; with Questions for Eiamination, iSmo. 
cloth, 4J. 

In analysis of ecclesiastical 

HISTORY; From the Birth of Christ, to the Council of 

Nice, A.tJ. 325. With Examination Questions. l8mo. clolli, 

31. (xi. 
MALYSIS OF ENGLISH CHURCH HIS- 
. TORY ; comprising the Reformation period, and subsequent 
I events ; with Questions uf Examination, especially intended for 
,' the Universities and Divinity Students in general. i8mo. cloth, 
I ^r. td. 

SHORT ANALYSIS OF OLD TESTA- 

MENT HISTORY, With Questions for Schools. iSmo, 
cloth, IJ. dil. 

. SHORT ANALYSIS OF NEW TESTA- 
MENT HISTORY. With Questions for Schools. iSmo. 
cloth, 11. dii. 



arithmetic anD (SucIiD. 
Snnock's arithmetical tables of 

MONEY, WEIGHTS, AND MEASURES. With Questions 
I for Examination, and Explanatory Notes, &c. iSmo. 3'/. 

FIRST CIPHERING BOOK. Containing 
' Easy Exercises in the First Rules of Arithmetic. 4to. sewed, is. 
IfAN'S CIVIL SERVICE ARITHMETICAL 
■^EXAMINATION PAPERS. By I.. J. Ryan. Cloth, 2i. 
■ Key to Ditto, u. 6,/. 



Whittaker and Co.'s List of 



SONNENSCHEIN AND NESBITTS 

ARITHMETIC. The Science and Ait of Aritlunelic for llK 
nse of Schools. Posl 8vo. 51. fid. Or separately, Part 1,— 
Integral, 21. bd. Parts 11. and III.— Fractional and AppMU- 
e Calculations. 31-. f>d. Answers \a the Exercises. 11. W 
Exercises separately. Part I. U. Parts II. and III. Ir. 34? 

A B C OF ARITHMETIC. Teacher's Boo^. 

Nus. I and z, each li. Exercise Book, Nob. i ajid z, each 4^ 

WALKINGAME'S TUTOR ASSISTANT 
(FRASER'S), Being a Compendium of Arithmetic and * 
Complete Questioo Book. izmo. is. Key, y. 

EUCLID, THE FIRST BOOK OF. With an I 
iroduclion and Collection of Problems foe the use of Schocte 
y J. M. Wilson, M. A. zwrf iditian. 4to, 2j. 

EUCLID, THE FIRST SIX BOOKS, together wifll 
the ELEVENTH and TWELFTH. From the Text of Dr. 
'«u edition, revised and corrected by S. Maynflli 



MODERN LANGUAGES. 
jFrenct). 

BARRERE (A.) PROFESSOR, R.M.A. Woolwich. 

. RfiCITS MILITAIRES. Selections froW 

modem French authors, with short biographical introduction 
in French, and English notes for the use of army sludcnti aol 
others. Crown 8vo. y. 

PRECIS OF C0MP.\RAT1VE FRENCH 

GRAMMAR AND IDIOM.S, anii Guide to Examin 
Cloth. Second cdilisn, revised, 31. dd. 

JUNIOR GRADUATED FRENCH COURSE 

affordii^ materials for Translation, Grammar, and Convere*- 
lion. Being an introduction to the Graduated French Coursfc 
Cloth, 1/. 6d. 

— ELEMENTS OF FRENCH GRAMMAR 

AND FIRST STEPS IN IDIOMS, With numero« 
Exercises and a Vocabulary, being an Introduction to the' 
Precis of Comparative French Grammar, Crown 8vo. cloth, ** 



Classical and Educational Works. 19 

BELLENGER'S MODERN FRENCH CONVER- 
SATION. Containing Elementary Phrases and New Easy 
Dialogues, in French and English, on the most familiar sub- 
jects. i2mo. 2Lr. 6^. 

BOSSUT'S FRENCH WORD BOOK. i8mo. \s. 

FRENCH PHRASE BOOK. i8mo. \s, 

BOWER. PUBLIC EXAMINATION FRENCH 

READER. With a Vocabulary to every extract, suitable for 
all Students who are preparing for a French Examination. By 
A. M. Bower, F.R.G.S., late Master in University College 
School, &c. Cloth, 3J. (id, 

" The book is a very practical and useful one, and it must prove very handy 
for students who are preparing for a French examination, the persons for whose 
special aid it has been specially provided. It would also serve admirably for use 
in schools as a class hook.."— Schoolntaster. 

DELILLE'S FRENCH GRAMMAR. In Two 

Parts. I. — ^Accidence. II. — Syntax, written in French, with 
Exercises conducive to the speaking of the French Language, 
&c. i2mo. 5 J. 6d, Key, 3j. 

EASY FRENCH POETRY FOR BEGIN- 
NERS ; or. Short Selections in Verse on a Graduated Plan for 
the Memory. With English Notes. i2mo. 2s. 

DELILLE'S MODELES DE POESIE FRANCAIS. 

With Treatise on French Versification. New edition, i2mo. 
ts. 

REPERTOIRE DES PROSATEURS FRAN- 
CAIS. With Biographical Sketches, &c. New editum, 
i2mo. dr. 6d, 

MANUEL ETYMOLOGIQUE ; or, an Inter- 

pretative Index of the most recurrent Words in the French 
Language. i2mo. 2J. 6d, 

BEGINNER'S OWN FRENCH BOOK. 



Being a Practical and Easy Method of Learning the Elements 
of the French Language. i2mo. cloth, 2J. Key, 2J, 

DES CARRIERES' FRENCH IDIOMATICAL 

PHRASES AND FAMILIAR DIALOGUES. Square, 
3J. 6d, 




Wkittaker and Co.'s List of ■ 

DES CARRIERES' HISTOIRE DE FRANCE, 

DEPUIS L'ETABLISSEMENT DE LA MONARCHIE. 
Continuee jusqu'au r^lablissement de I'Empite sous Napoleo 
III., par C.J. Delille. I2rao, -js. 



DUVERGER'S COMPARISON BETWEEN THE 
IDIOMS. GENIUS, AND PHRASEOLOGY OF THE 
FRENCH AND ENGLISH LANGUAGES. New idiHim. 



GASC (F. E. A.) AN IMPROVED MODERN 
POCKET DICTIONARY OF THE FRENCH AND 

ENGLISH LANGUAGES. Ngw idition. i6mo. doth, 
2j. bd. Also in z vols, in neat lealherelte, y. 



GRAMMATICAL EXERCISES UPON THE 

FRENCH L.\NGUAGE. NiW idition. lamo. 4/. Key, 31, 

FRENCH GRAMMAR AND EXERCISES. 

Ni-.f edition, iznio. 51. bd. Key, 4J. 

LEVIZAC'S DICTIONARY OF THE FRENCH 

AND ENGLISH LANGUAGES. Nezi: idiliim, by N. 1 
bert. I2ino. bs. 6d. 

NUGENT'S POCKET DICTIONARY OF THE 

FRENCH AND ENGLISH LANGUAGES, /^nv idi 
revised by J. C. J. Tarver. Pearl tdilian, 41. 6d, 

OLLENDORFF'S (Dr. H. G.) NEW METHOD 

OF LEARNING TO READ, WRITE, AND SPEAK 
A LANGUAGE IN SIX MONTHS. Adapted to " 
French. NiTv edition. l2mo. &j. dd. Key, Svo. 7j. 



vaiittaizt's JFtencd Series. 

For the use of Schools and Private Students. Edited by 
A. Barrire, Prof. R.M.A. Woolwich, &c., and others. Each 
number with a literaiy Introduction and Arguments in English, 
foot-notes eiiplaining the more difficult passages, and translations 
of the idiomatic expressions into the corresponding English idioms. 
Fcap. Svo, each number, sewed, 6(i. ; doth, gd. 

Now Ready : — 

1. SCRIBE. LEVERRED'EAU. Barrere. 

2. MOLIERE. LE BOURGEOIS GENTILHOMME. Gasc. 

3. MOLIERE. L'AVARE. Gasc 

4. SOUVESTRE. SOUS LA TONNELLE. Desages. 

5. MOLIERE. LE MISANTHROPE, Gasc, 

6. GALLAND, ALI BABA. Qare. 

7. CORNEILLE. LE CID. Gasc, 

S, 9. LAMARTINE. JEANNE D'ARC. Barrire. 
ID, II. PIRON. LA METROMANIE. Delbos. 
OtAtrs lafolliTui. 



OQ&itta&cr's JTrenc^ Classics, toitf) 

Fcap. Zvo. cloth, 
AVENTURES DE TELEMAQUE. Par Fdn^ 

Ion, Nfu.< edition. Edited and revised by C. J, Delitle. aj. 6rf. 

HISTOIRE DE CHARLES XII. Par Voltaire. 
Ntw edition. Edited and revised by L. Direy. u. bd. 

PICCIOLA. Par X, B. Saintine. New edition. Edited 
and revised by Dr. Dubuc. is. 6d, 

SELECT FABLES OF LA FONTAINE. Mw 

tdilion. Edited by F. Gasc, M,A. \s. 6d. 



CQ&itta&et's %etm of a^oDern jTrend) | 

IV/Tff INTRODVCTION AND NOTES. 
Fin- Btginnn-s. 

LA BELLE NIVERNAISE. Histoire d'un vieux 

bateau et de son equipage. By Alphoose Daudet, With 6 
U lustrations. Edited by James BoieUc, Senior Freocli HaScr 
at Dulwich CoU^e. is. 6if. [Ready. 



BUG JARGAL. 



Far Advancid Studial 

Bv Victor Hugo, 

■ French Mastc " ' 

Olhen to foiled 



®Ecman. 



Edited bf 

Dulwich CoU^e. jS 



FLUGEL'S COMPLETE DICTIONARY OF THE 



to the English Student, with great Additions and Improi 

By C. A. Feilmg, A, Heimaim, and J. Oxenford. Nnu ediHen. 

2 vols. Svo. I/. IJ. 

ABRIDGED GERMAN AND ENGLISH, 

AND ENGLISH AND GERMAN DICTIONARY. 
Carefully compiled from the latter Dictionary. By C A. Feil- 
ing and J. Oxenford. Nevi edition. Royal 18010. 6s. 

GRENFELL'S ELEMENTARY GERMAN EX- 
ERCISES. Part I. Adapted to the Rugby School German 
Accidence, izmo. Ii. 6d. 

OLLENDORFF'S (Dr. H. S,). NEW METHOD 

OF LEARNING TO READ, WRITE, AND SPEAK ' 
LANGUAGE IN SIX MONTHS. Adapted to the * 
Nna edilian. Crown Svo. Ts. Key, 8vo. jj. 




A/-HITTAKER'S COURSE OF MODERN 

GERMAN. By F. Lange, Ph-D., Professor, R.M.A. Wool- 
wich, Examiner inGerraan lo the College of Preceptors, London : 
E;<aniiner in German al the Vietoria Uni\ersity, Maiiehesler, 
and J. F. D.ivis, M.A., D.Lit. Exlra feap. 8yo. clolh. 

^ONCISE GERMAN GRAMMAR. Wiih especial refe- 



rofessor at the Royal Military Academy, Woolwich, In three 
^^»rts. Part I., Elemental', 2s. Part II., Intermediate, 2s. 
^^Tart III. complele. 31. &/. 

ELEMENTARY GERMAN READER. A Graduated Col- 
lection of Readings in Prose and Poetry. With English Notes 
and a Vocabulary. By F. Lange, Ph.D. is. W. 

ADVANCED GERMAN READER. A Graduated Collection 
of Readings in Prose and Poetry. With English Notes and a 
Vocabulary. By F. Lange, Ph.D. and J. F. Davis, M.A., 
D.Lit. [A'iar/)' ready. 

PROGRESSIVE GERMAN EXAMINATION 
COURSE. In Three Parts. By F. Lange, Ph.D., Prof. 
R.M.A., Woolwich, Examiner in German lo the College of 

Comprising (he Elements of Gentian Grammar, an Historical 
Sketch of the Teutonic Languages, English and German Corre- 
spondences, Materials for Translation, Dictation, Extempore, 
Conversation and complete Vocabularies. 

I. ELEMENTARY COURSE. Cloth, zr. 

3. INTERMEDIATE COURSE. Clolh, w. 

3. ADVANCED COURyE. Second revised edition. Cloth, 



!. dd. 



dapled to Ihcir need?." 



A uhIu] hrlp 10 en 




GOETHE'S HERMANN AND DOROTHEA. 

With Short Introduction, Argument, and Notes Critical and 
Explanatory. By Emest BeU and E. Wblfel. u. bd. 

SCHILLER'S MAID OF ORLEANS. With Intro- 
duction and Notes. By Dr. Wagner, li. W. 



Notes. 

WALLENSTEIN. Complete Text. /few I 

edition. With Motes, Areuments, and an Historical aDd J 
Critical Introduction. By C. A. Buchheim, Professor, Ph. D., , 
Sj. Or separately— Part I.— THE LAGER AND DIE PIC-l 
COLOMINI. w. 6rf. Paitll.— WALLENSTEIN'S TOD J 
w. W. 



aaHiittafeer's ^etieg of ^oDern ©errnan J 
authors. 

With Introduction and Notes. Edited by F. Lange, Ph.D.y 
Professor, Royal Military Academy, Woolwich. 

Tbe attention of the heads of Colleges and Schools is respectfully S 
directed to this new Series of "Modern German Authors^'J 
which is intended to supply the much-felt want of suitable Rea 
Books for English Students of German who have passed ll 
the preliminary stages of fables and anecdotes. 

To those who wish to extend their linguistic and g 



knowledge, these volumes will afibrd, in one respect, a. great 
advajitage over Ibose of an earlier period, presenting, as they do, 
Ihe compositions of the best living, or only recently deceased 
authors. The Notes, besides etymological and other explanations, 
wil! contain many useful idiomatic CKpressiunE su^esled by the text, 
nnd worth commilting to memory. 

f/RSr SE/i/ES. 
FoK Beginners. Edited, with a Grammatical Introduction, 
Notes, and a Vocabulaii,', by F. Lange, Ph. D. , Professor, R. M. A. 
Woolwich, Examiner in German to the College of Preceptors, 
and H. H.iger, Ph.D., Examiner in German to l lie London 
University. 

HEY'S FABELN FUR KINDER. Illustrated by O. Speckter. 
Edited, with an Introduction, Grammaticai Summaiy, Words, 
and a complete Vocabulary. By F. Lsnge, Ph.D., Professor. 



SECOND SERJES. 

: Students. Edited, with a Biogra- 

E' ical Introduction, Notes, and a complete vocabulary, by F. 
nge, Ph.D., Professor, and H. Hager, Ph.D. 

DOKTOR WESPE. Lustspiel in funf Aufeiigen von JULIUS 
RODERICK BENEDIX. Edited by F. Lange, Ph.D., 
Professor. 2r. (nl. 



THIRD SERIES, 
Foa Advanced STtfOENTS. Edited, with a Literary In- 
troduction and Notes, by F. Lange, Ph.D., Professor, R.M.A. 
Woolwich, in co-operation with F. Storr, B.A. ; A. A. Mac- 
donell, M.A. ; H. Hager, Ph.D. ; C. Neuhaus, Ph.D. and 

MEISTER MARTIN, der Kufner. Eriahlung von K T. A. Hoff. 
man. Edited by F. Lange, Ph.D., Professor, Royal Military 
Academy, Woolwich, u. bJ. 



Whittaker and Ca.'s List of 



HANS LANGE. Schauspiel von Paul Heysc. Edited by A. A. 

Macdonell, M.A., Ph.D., Taylorian Teacher, Umveiaty, 

Oxford, jj. 
AUF WACHE. NovellevonBertholdAuerbach. DER GEFRO; 

RENE KUSS. NoveUe von Olio Roquette. Edited W 

A. A. Macdonell, M.A, " 
DER BI13LI0THEKAR. Lustspiel von G. von Moser. Edited 

by F, Lange, Ph.D. Second revised Edi' 
EINE FRAGE. Idyll von Geot^e Ebers. Edited by F. Ston, 

B.A., ChieCMaster of Modem Subjects in Merchant Tayloj '■ 

School. 2J. 

Edit 



GERMAN EPIC TALES IN PROSE. I. Die Nibelunge 
vOQ A- F. C. Viluiai.— 11. Wallher und Hildegund, von AIb«_ 
Richter. Edited by Karl Neuhaus, Ph.D., the Intemationrt 
Coll^;e, Isleworth. 2J. ^d. 



Italian. 

BARETTI'S DICTIONARY OF THE ENGLISH 

AND ITALIAN LANGUAGES. To which is prefixed 
Italian and English Grammai. Ncto Edition, entirely 
written. liy G, Coiuelati and J. Davenport, z vols. 8 
ll IS. 

GRAGLIA'S NEW POCKET DICTIONARY OB^ 

THE ITALIAN AND ENGLISH LANGUAGES. mUB 



laiderable Additions, and a Compendious Elementary Italioa 



Grammar. iSmo. 4J. td. 



OLLENDORFF'S (DR. H. G.) NEW METHOD^ 
OF LEARNING TO READ, WRITE, AND SPEAK A 
LANGUAGE IN SIX MONTHS. Adapted to the III " 
New Edition. Crown 8vo. ^s. Key, Svo. 7^. 

SOAVE'S NOVELLE MORALI. New Edition. 



Classical and Educational Works. 



VENERONI'S COMPLETE ITALIAN GRAM- 
MAR. By P. Rosteri. lamo. fo, 

VERGANI AND PIRANESI'S ITALIAN AND 

ENGLISH GRAMMAR. With Exercises, &c. By J. 
Guichet. New edition, by Signer A. TommEisi. l2mo. jr. 
Key, 3^. 



laussian. 

DOLBESHOFF (E.) A DICTIONARY OF THE 
RUSSIAN AND ENGLISH LANGUAGES. In two 
volumes. Vol. I. Russian- English. Vol. II. English -Russian. 
Compiled by E. DolbeshofT in co-operation with C. E. Turner, 
Professor of English Language and Literature at the University, 
St. Petersburg. [Preparing. 



^panisi). 



NEUMAN AND BARETTI'S SPANISH AND 
ENGLISH. AND ENGLISH AND SPANISH DIG- 
TIONARY. ReiisEd and enki^ by M. Seoane, M.D. 
s vols. 8vo. i/. Sj. 

POCKET DICTIONARY. Spanish and Eng- 

lish, and English and Spanish. Compiled from the larger 



OLLENDORFF'S (DR. H. G.) NEW METHOD 

OF LEARNING TO READ, WRITE, AND SPEAK A 
LANGUAGE IN SIX MONTHS. Adapted to the Spanish. 
Nmi idilien. 8vo. \2s. Key, 8vo. ^!. 

PONCE DE LEON'S ENGLISH - SPANISH 
TECHNOLOGICAL DICTIONARY. Svo. U. i5j. See 
fage 31. 



practical eeeccantile Coccesponbencc. 

A Collection of Commercial Letters nnd Forms, with Noles, 
Explanatory anil Grammatical, and a Vocabulary of Commcrciai 
Terms, edited by L. Simon, Chr. Vogel, Ph.D,, H. P. SkelloD, 
W. C. Wrankmore, Leland Mason, and oOiers. Intended as Class 
Books for Schools and for Self- Instruction. 

Now Rrady, crmuH Spo, eUlh : 

ENGLISH, with German Notes, p. 

GERMAN, with English Notes, 31. 

ENGLISH, with French Notes, 41. 6d. 

FRENCH, with English Notes, 41. W, 
This new Collection of Model Letters and Epistolary Forms 
embraces the whole sphere of CommErcial Transactions. Each 
example is provided with such remarks and explanations, that any 
one with a fair grammatical knowledge of the particular language 
will find it an easy matter to prepare a well-expressed letter. 



CfiE ftpeciaUst's ©erics. 

A New Sems of Handbooks for Sludents and Pradiail 
Rngineers. Crown Sz>o. IVith many Illustrations. 

GAS ENGINES. Their Theory and Management 
By William Macgregor. With 7 Plates. Crown 8vo. pp. 345, 

BALLOONING: A Concise Sketch of its History and 
Principles. From the best sources. Continental and English. 
By G. May. With Illustrations. Crown 8vo. pp. vT.-W, 

ELECTRICTRANSMISSION OF ENERGY, 

and its Transformation, Subdivision, and Distribution, i 
Practical Handbook by Gisbett Kapp, C.E., Associate Memtffl 
of the Instilution of Civil Engineers, &c With 1 19 Illustn- 
tions. Crown 8vo. pp. 11.-331. SKond Edition. 71, 61/. 

ARC AND GLOW LAMPS. A Practical Hand- 



3N THE CONVERSION OF HEAT INTO 

WORK. A Practical Handbook on HeaE-Engi: 
William Anderson, M. Insl. C.E, With 64 Illij 
Pp. viii.-254. Second Edituin. Cr. Svo. 61. 

SEWAGE TREATMENT, PURIFICATION 
AND UTILIZATION ; A Pracrical Manual for the Userf 
Corporations, Local Boards, Oificera of Health, Inspectors of 
Naisajices, Chemists, Manuiaclurers, Ripatian Owners, Engi- 
neers and Ratepayers. By J. W. Slater, F.E.S., Editor of 
"Journal of Science." Crown Svo. cloth, price 6j. 

THE TELEPHONE. By W. H. Preece, F.R.S., 

and J. Maier, Ph.D. With numerous illustrations. Cr. Svo. 

12S. (Hi. 

MANURES, OR THE PHILOSOPHY OF 
MANURING. By Dr. A. B. Griffiths, F.R.S.Ed., F.C.S., 
Principal and Lecturer on Chemistry in the School of Science, 
Lincoln, &c., &c. Cr. Svo. Js, 6d, 

lYDRAULIC MOTORS : TURBINES AND 

PRESSURE ENGINES. By Geoi^e R. Bodmer, Assoc. 
M.Inst.C.E. 141. 
S.LTERNATING CURRENTS OF ELEC- 
TRICITY. By Thomas H. Blaliesley, M.A., M.Inst.C.E. 
+1. W. 

SALVANIC BATTERIES. By Professor George Forbes, 

M.A. 
NDUCTION COILS. By Professor A. J. Fleming, M.A., 

D.Sc. 



fJIPHER (F. E.) THEORY OF MAGNETIC 
MEASUREMENTS, WITH AN APPENDIX ON THE 
METHOD OF LEAST SQUARES. One volume. Crown 
Svo. doth, 51. 

PLANTE (G.) THE STORAGE OF ELECTRI- 
CAL ENERGY, and Researches in the Effects created by Cur- 
rents combining QuAntity with High Tension. Translated from 
the French by Paul Bedford Elwell. With Portrait, and 89 
Illustrations. Svo. pp. vJi.-aGS, cloth, jii. 
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Small croum ^vo. cloth. With many liiuslrations. 

latjittafeer's lifaratp oE arts, Sciences,"! 
!3©anufacturES anD JnUustries. 

ELECTRIC LIGHT INSTALLATIONS 

AND THE MANAGEMENT OP ACCUMULA- 
TORS. A Practical Handbook by Sir David Salomons. 
Ban., M.A. 51h Edition, Revisedand Enlarged, with loa Illua- 
iralions. Cloth, 51. 

ELECTRICAL INSTRUMENT - MAKING 
FOR AMATEURS. A Piactical Handbook. By S. R. 
Bottone. Authorof "The Dynflmo,"&c. Wilh 60 Ulustmtions. 
Third edilion. Cloth, 31. 

ELECTRIC BELLS AND ALL ABOUT 

THEM. A Practical Book for Practical Men. By S. R. _ 
Boltone. With more than 100 illustrations. Second edilinmt 
renisfd. Cloth, 3J. 

PRACTICAL IRON FOUNDING. By th 

Aulhor of " Pallera Making," &c., &c. lUustraled with oy 
one hundred engravings. Cloth, 4J. 

ELECTRICITY IN OUR HOMES AND 
WORKSHOPS. A Practical Handbook, By Sydney I 
Walker, M.Inst.CE., M.I.E.E. 51. 

ELECTRICAL INFLUENCE MACHINES: 

Containing a full account of their historical development, thdt 
modern Forms, and their Practical Construction. By J. Gray, 
B. Sc. 4J. Sd. 

THE PROTECTION OFBUILDINGS FROlfl 

LIGHTNING. A Treatise on the Theory of Lightnir 
Conductors from a Modern Point of View. Being the substance 1 
two lecturesdeliveredbeforelheSocietyof Aria in March, 188I 
By Oliver J. Lodge, LL.D., D.Sc, F.R.S., Professor of Ph] 
sics in University College, Liverpool. 

Published with vanoua amplifications and additions, with tt 
approval of the Society of Arts. [/» prtparatiai 

METAL TURNING. By J. H., author ( 

"Practical I ton founding," &c. [/» Ikt fris. 

Others in preparation. 



Cccbnologicat Dicttonaties. 

ENGLISH AND GERMAN. 

WERSHOVEN (F. J.) TECHNOLOGICAL 

DICTIONARY OF THE PHYSICAL, MECHANICAL, 
AND CHEMICAL SCIENCES. English and German, 
a vols, cloth, 5J. 

ENGLISH— SPANISH. 

PONCE DE LEON. TECHNOLOGICAL DIC- 
TIONARY. Englisli-Spanish and Spanish .English. Con- 
taining Tetnis employed \a the Applied Sciences, Industrial 
Arts, Mechanics, Fine Arts, Metallut^, Machinery, Commerce, 
Ship-building and Navigation, Civil and Military Engineering, 
Agriculture, Railway Construclion, Electro-technics, &c. 

tVol. I. — -Engliah-Spanish. 8vo. Ixiund, ;Ji i6i. 
Vol. II.— Spanish-English, [/« pr/p,iralioH. 



HOBLYN'S DICTIONARY OF TERMS USED 
IN MEDICINE AND COLLATERAL SCIENCES, iitk 
tdHun. Revised tluoughoul, with numerous Additions. B7 
John A. P. Price, B.A., M.D. Oxon., AssislaDt-Surgeoo to the 
Royal Berkshire Hospital. 

This new edition has undergone complete revision and emen. 
dation. Many terms, fallen more or less into disuse, have been 
omitted; and a considerable amount of fresh matter has been 
introduced, in order to meet the requirements of the present day. 
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iULLYERS TABLES FOR MEASURING 

AND MANURING LAND, ETC. l6nio. clolh, a. 6J. 
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I vol. demy 4/0. ii/ith 25 Doiilile and 40 Single Plates, jQz loi. 

TECHNICil SCHOOL m COILECE BUILDING. 

Being a Treatise ok the Design mid Cottstructien of 

Applied Science and A rt Buildings, and 

their suitable Fittings and 

SoHiiatioa. 



By EDWARD COOKWORTHY ROBINS, F.S.A. 

Outline of Contents. — InlroducUon — English and Foreign 
Technical Education — Analysis of the Second Report of the Royal 
Camtnissioners on Tedmical Education — Buildings for Applied 
Science and Art Instruction, with examples tif Foreign and English 
Buildings— Analysis of the Fittings necessary for these Buildings — 
British and Foreign Examples of the Details of the Fittings— Heal- 
ing and Ventilation genenUly — Heating and Ventilation necessary 
for Applied Science and Instruction Buildings — The Planning; of 
Buildings Tor Middle Class Education — Sanitary Science — Appendix. 
Full prospalus post fra en appHcaSimt. 

"]t will piDveaD indispensablt work of Rference to arehltcctfi, builden, and 
managers of Icchnknl schools."— 5/fffa^-'r. 



THE CHEMICAL AMYSIS OF IROI. 

A Complete Account of all the Best Known Methods for the Analysis 

of Iron, Steel, Ores, &c. 

By A. A. BLAIR, Chief Chemist, U.S. Geological Survey, &c. 

Royal 8vo. 141. 



Third Edition, Rfiiised aiui Enlarged. 
THE 

WORKING AND HANAGEHENT OF AN ENGLISH RAILWAY. 

By GEORGE FINDLAY, 
General Manager of the London and Nortk-Wcstem Railway. 

Crown Svo. ^!. 6d, 
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